LOCKBOURNE  NO.  1 
TEST  TRACK 

FINAL  REPORT 


Army  Service  Forces 


Corps  of  Engineers 


LOG  K BOURNE  NO.  I  -  TEST  TRACK 
FINAL  REPORT,  ACCELERATED  TRAFFIC 
TESTS  OF  CONCRETE  PAVEMENTS 


Ohio  River  Division  Laboratories 
Mariemont,  Ohio 


March  1946 


Army  Service  Forces 


OHIO  RIVER  DIVISION  LABORATORIES 
MARIEMONT,  OHIO 


Corps  of  Engineers 


LOCKDOURHE  NO.  I  -  TEST  TRACK 
FINAL  REPORT,  ACCELERATED  TRAFFIC 
TESTS  OF  CONCRETE  PAVEMENTS 


TABLE  OF  CONTENTS 


Par.  Ho,  Paragraph  Title  Page  No. 


Synopsis  I 

Section  I  -  Introduction  3 


1.01  Authority  3 

1.02  Purpose  and  Scope  of  Investigation  3 

1.03  Background  and  Description  of  the  Test  Program  3 

a.  Background  3 

b.  Description  of  Test  Program  1 

1.04  Acknowledgements  5 

Section  II  -  Design  and  Construction  5 


2.01  Definitions  5 

a <  Test  SI  a b  5 

b.  Transition  Slab  6 

c.  Reconstructed  Slab  6 

d.  Overlay  Slab  6 

e.  Reinforced  Concrete  Slab  6 

f.  Subgrade  6 

g.  Base  6 

h.  Free  Expansion  Joint  6 

I.  Doweled  Expansion  Joint  6 

j.  Dummy  Contraction  Joint  7 

k.  Keyed  Construction  Joint  7 

l.  Doweled  Construction  Joint  7 

m.  Tangents  7 

2.02  Design  of  Test  Track  7 

a.  Evaluation  of  Design  Methods  7 

b.  Evaluation  of  Subgrades  7 

c.  Evaluation  of  Bases  8 

d.  Evaluation  of  Joints  9 


I 


TABLE  OF  C 0 1 T E v T S  (Continue*) 


Par.  No. 

Paragraph  Title 

Paqe  No, 

e. 

Evaluation  of  Steel  Re i nf orcerent 

9 

f. 

Behavior  of  Overlays 

10 

2.03 

Construction 

12 

a. 

Subgrades 

12 

b. 

Bases 

12 

c. 

Cone  rete 

13 

Section  III 

-  Traffic  an j  Auxiliary  Testing 

1  4 

3.  0  1 

Definitions 

14 

a. 

De  f 1 ect ion 

1  4 

b. 

Tire  Print 

14 

c. 

Trip 

14 

d. 

Coverage 

1  4 

3.02 

Traffic 

Loading  Ecu i pnent 

1  4 

3.03 

Traffic 

Coverage  of  Test  Track 

1  4 

3.0  4 

Oat*  Obtained  During  Traffic  Tests 

15 

a. 

Stationary  ' .-Heel  Load  bpfiection 

Measo rerents 

1  5 

b. 

Moving  '••heel  Load  Deflection  '‘eas- 

u  re^en  t  s 

1  0 

c. 

Other  !-'casu  recent  s 

1  6 

Section  IV  -  Physical  Properties 

16 

s.  0  1 

General 

16 

4.0  2 

Subgrades 

i  7 

4.  03 

bases 

17 

4.  04 

Cone  ret  e 

18 

a. 

Concrete  /■'  i  x  Design 

Id 

b. 

Test  Soeci'-ons 

1  3 

c. 

Tests 

19 

d. 

Test  Results 

19 

e. 

Discussion 

2  1 

II 


TABLE  OF  CONTENTS  (Continued) 


Par.  Ho. 

Paragraph  Title 

Page  1 

Section  V  -  Computations 

22 

5.01 

General 

22 

5.02 

Interior  Loading  -  1st  Method 

23 

5.03 

Interior  Loading  -  2nd  Method 

23 

5.04 

Edge  Loading 

23 

5.05 

Overlay  Slabs 

24 

5.06 

Application  and  Limitations 

24 

Section  VI  -  Weather  Conditions  and  Concrete 
Temperatures  During  Construction  and  Traffic  Testing 

26 

6. Cl 

Sources  of  Temoerature  and  Precipitation  Data 

26 

6.02 

Temperatures  and  Prec i o i t a t i on  During  Con¬ 
struction  and  Testing 

26 

Section  VI 1  -  Resul ts 

29 

7.0  1 

Design  Factors 

29 

7.02 

Stationary  Wheel  Load  Deflection  Measurements 

29 

7.03 

Moving  Wheel  Load  Deflection  Measurements 

30 

7.04 

Crack  Pattern  Development  and  Extent  of  Failure 

30 

Section  VIM  -  Discussion  of  Results 

33 

8.0  1 

Evaluation  of  Design  Methods 

33 

8.02 

Evaluation  of  the  Effect  of  Variation  in  Types 
of  Subgrades 

34 

8.03 

Evaluation  of  the  Effect  of  Variation  in  Types 
and  Thickness  of  Granular  Base  Courses 

35 

8.04 

Evaluation  of  the  Effect  of  Joint  Tyoe  and 
Spacing 

37 

8.05 

Evaluation  of  the  Effect  of  Steel  Reinforcement 
in  Concrete  Pavement  Slabs 

41 

8.06 

Evaluation  cf  the  Behavior  of  Concrete  Overlay 
Slabs  on  Unbroken  and  Broken  Base  Slabs 

44 

III 


TABLES  OF  CONTESTS  (Continued) 


Par.  Ho. 

Paragraph  Title 

Page  ! 

Section  IX  -  Conclusions 

47 

9.01 

Evaluation  of  Design  Methods 

47 

9.02 

Evaluation  of  the  Effect  of  Variation  in  Types 
of  Subgrades 

47 

9.03 

Evaluation  of  the  Effect  of  Variation  in  Types 
and  Thickness  of  Granular  Base  Course 

47 

9.04 

Evaluation  of  the  Effect  of  Joint  Type  and 

So  ac  i  n  g 

48 

9.05 

Evaluation  of  i.he  Effect  of  Steel  Reinforcement 
in  Concrete  Pavement  Slabs 

48 

9.06 

Evaluation  of  the  Behavior  of  Concrete  Overlay 
Slabs  on  Unbroken  and  Broken  Base  Slabs 

48 

Section  X  -  Recommendations 

49 

Section  X|  -  Bibliography 

50 

IV 


TABLES 


Table  Ho.  Title 

I  Results  of  Maximum  Stress  Computat i ons,  20, 000  Pound  Wheel  Load 

I- A  Design  Comparisons,  20,000  Pound  Wheel  Load 

II  Results  of  Maximum  Stress  Computations,  37,000  Pound  Wheel  Load 

II- A  Design  Comparisons,  37,000  Pound  Wheel  Load 

III  Results  of  Maximum  Stress  Computations,  60,000  Pound  Wheel  Load 

II I - A  Design  Comparisons,  60,000  Pound  Wheel  Load 

FIGURES 

Figure  Wo.  Title 

1.0  Location  Drawing 

I.  I  Plan  and  Sect  ions 

1.2  Pavement  Sections 

1.3  Joint  Details 

1.  4  Dra  inage  r<eta  i  1  s 

a 

1.5  Plan  and  Section  -  Reconstruction 

1.6  Sections  of  Reconstruction 

2.0  Equipment  Used  for  20,000  Pound  Wheel  Load  Traffic 

2.1  Equipment  Used  for  37,000  Pound  Wheel  Load  Traffic 

2.2  Equioment  I'aed  for  60,000  Pound  Wheel  Load  Traffic 

2.3  Arrangement  of  Equipment  for  Measurement  of  Pavement  Deflec¬ 

tions  Under  Stationary  Wheel  Loads 

2.  g  Details  of  Electrical  Deflection  Gages 

2.5  Details  of  Installation  of  Metal  Casing  and  Reference  Hub  for 

Woodman  Deflection  Qaqes 

2.6  Diagrams  *or  Electrical  Deflection  Gage 


V 


F  t  C  Li  i<  E  S  (Continued) 


F i gu  re 
3.0,  3 


1.0  - 
Inc'. 


1.8  - 
I  n  c  1 . 


5.0  - 
I  nc  I . 

6.0  - 
I  nc  1 . 

7.0  - 


Ho.  Title 

•  I  Extent  of  Daily  Air  Terrperature  Variation  and  Preci¬ 

pitation  During  Pcriods  of  Pavement  Construction  and 
Traffic  Tests 

1.7  Charts  Showing  Pavement  Deflections  Under  20,000  lb. 

and  37,000  lb.  Stationary  Wheel  Loads  for  Interior 
Load  Position 

1.11  Influence  Lines  of  Pavement  Deflection  for  20,000  and 

37,000  Pound  Wheel  Loads  Moving  Over  Electrical  De¬ 
flection  Gages  in  8"  Plain  Concrete  Slabs  on  Natural 
Subg  rade 

5.10  Drawings  Showing  Crack  Pattern  Developments  20,000, 

27,000,  and  60,000  Pound  Wheel  Load  Traffic. 

5.2  Graphs  Showing  Rate  of  Slab  Failure  Under  Traffic  Loading 

7.3  Photographs  Showing  Crack  Development 


VI 


Amy  Servlet  Forces 


Corps  of  Engineers 


OHIO  ft!  VCR  DIVISION  LABORATORl  ES 
NANI  EMONT,  OHIO 

LOCKBOURNE  NO.  I  -  TEST  TRACK 
FINAL  REPORT,  ACCELERATED  TRAFFIC 
TESTS  OF  CONCRETE  PAVEMENTS 


SYNOPSIS 

This  invest Iget ion  of  rigid  paveaents  mss  conducted  on  e  specially 
constructed  test  treck  et  the  Lockbourne  Amy  Air  Base  near  Coluabte, 
Ohio,  and  foras  a  pert  of  a  series  of  such  Investigations  being  carried 
out  by  the  Rigid  Paveaent  Laboratory,  Ohio  River  Division  Laborator fee, 
Merieaont,  Ohio,  for  the  Office  of  the  Chief  of  Engineers. 

The  purpose  of  this  investigation  was  to  study  the  behavior  of 
full  scale  6,  8,  and  10-  inch  concrete  paveaent  rlabs  on  different  sub- 
grades  and  bases  under  20,  37,  and  80  thousand  pound  wheel  load  accel¬ 
erated  traffic,  aa  well  as  a  Halted  nuaber  of  overlay  and  steel  re¬ 
inforced  concrete  slab  designs  under  the  sane  loadings.  The  principal 
objectives  which  have  been  answered  within  the  llaitation  of  the  taste 
were:  to  check  the  aethod  of  design  outlined  in  the  Engineering  Manu¬ 
al,  March  1943  edition,  to  study  the  effects  of  types  ef  subgrede,  type 
and  thickness  of  granular  base  course,  type  and  spacing  of  joints,  and 
the  usu  of  steel  re  i  nf  ores  sent  In  concrete  paveaenta,  and  to  study  the 
behavior  of  concrete  overlays  under  traffic  loading. 

The  paveaent  of  Lockbourne  No.  1  was  subjected  to  traffle  of  earth- 
Moving  equipment  loaded  with  concrete  blocks  to  give  wheel  loads  of 
20,090,  17,000  and  50,000  pounds  respectively.  Traffle  was  continued 
until  teat  slabs  had  failed  by  cracking. 

Prior  to  and  during  traffic,  deflection  aeasureaeats  at  the  In¬ 
terior,  edge,  and  corner  of  the  test  slabs  were  aade  under  saving  end 
stationery  wheel  loads  by  aeane  of  the  Moedaen  type  electrical  gape  end 
aechanlcal  eitenseaeters.  Also,  at  intervals  during  traffic,  cracks  and 
other  types  of  paveaent  failures  were  recorded  by  platting  and  photo¬ 
graphs.  A  continuous  tease  ret  vie  record  during  traffic  was  obtained  la 
the  toe,  oiddle,  and  button  of  selected  teat  slabs  by  theroohoa  In¬ 
stalled  during  construction. 

Basic  conclusions  determined  from  those  studios  are  aa  folloout 

a.  The  tentative  design  curves  of  the  Engineering  Manual 
(March  I  DOS  edition)  while  nearly  correct  for  the  20,000  »e«nd  wheel 
load,  were  Inadequate  for  heavier  loads. 

b.  Stresses  at  the  camera  end  edges  ef  e  concrete  peveoeat 
slab  should  central  the  design. 
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c.  Deflections  were  less  for  the  slabs  on  the  good  subgrades. 

d.  Failure  of  the  slabs  occurred  on  both  good  and  poor  sub¬ 
grades  but  they  occurred  much  earlier  and  more  rapidly  for  the  slabs  on 
poor  subgrade. 


e.  Even  though  failure  occurred  in  the  slabs  on  good  sub¬ 
grade,  service  behavior  after  cracking  was  better,  i n  most  cases ,  than 
that  for  slabs  of  greater  thickness  on  poor  subgrade. 

f.  Six  inch  bases  of  crushed  stone  or  compacted  sand  and 
gravel  gave  better  results  than  the  same  thickness  of  uncompacted  sand 
and  gravel. 

g.  twelve  inch  compacted  sand  and  gravel  base  was  superior 
to  a  6-inch  compacted  base  of  the  same  materials. 

h.  The  test  indicated  that  when  a  concrete  pavement  is  great¬ 
ly  overloaded,  a  base  less  than  12-inches  thick  is  not  beneficial. 

i.  Dowel irj  or  load  transfer  devices  should  be  provided  for 
all  transverse  expansion  joints. 

j.  It  was  indicated  that  pavement  slabs  as  small  as  10  x  10 
feet,  and  10-inches  or  less  in  thickness  are  undesirable  for  pavements 
designed  for  wheel  loads  of  37,000  pounds  or  greater. 

k.  The  use  of  steel  reinforcement  proved  beneficial  in  delay¬ 
ing  failure  and  in  prolonging  the  useful  life  of  overloaded  and  broken 
slabs. 


1.  When  overlay  slabs  having  broken  base  slabs  were  over¬ 
loaded,  the  original  crack  pattern  of  the  base  slab  influenced  the  de¬ 
velopment  of  the  crack  pattern  in  the  top  slab. 
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SECTION  I  -  INTRODUCTION 

I  .01  Authority: 

The  preliminary  concepts  and  approval  for  the  investigation 
reported  herein  are  contained  in  two  letters  from  the  Office  of  the 
Chief  of  Engineers  to  the  Division  Engineer,  Ohio  River  Division,  both 
subject:  "Required  Thickness  of  Concrete  Pavements".  The  first  letter 
was  cf  q  June  1942,  and  included  a  first  indorsement  dated  16  July  1942. 
The  second  letter  was  dated  20  August  1942,  and  approval  of  the  program 
outlined  in  the  correspondence  is  given  in  the  sixth  indorsement  of  2N 
June  1943.  Final  authorization  and  allocation  of  funds  was  given  by 
Directive  Consecutive  No.  A-14793,  of  25  June  1943  from  the  Office  of 
the  Chief  of  Engineers  to  the  Division  Engineer,  Ohio  River  Division, 
subject:  "Directive  for  Tests  on  Concrete  Pavement*. 

1.02  Purpose  and  Scope  of  Investigation: 

During  the  time  that  the  construction  and  t  raf  f  ic  #tests  were 
in  progress,  five  reports  were  prepared  covering  the  construction  and 
the  several  phases  of  the  traffic  testing.  Due  to  this  procedure  of  in¬ 
terim  reporting,  it  was  not  possible  to  present  a  an  i  f  i  ed  repo  rt  in 
which  data,  objectives,  and  conclusions  were  organized  for  continuity 
and  ready  reference  for  the  reader.  Therefore,  it  is  the  purpose  of 
this  report  to  present  essentials  of  construction  details,  physical  data, 
testing  procedures,  and  test  results  in  a  manner  which  will  allow  the 
reader  to  verify  and  accurately  qualify  for  his  particular  use,  the  con¬ 
clusions  and  recommendations  given  in  the  synopsis  and  final  paragraphs 
of  this  report. 

This  investigation  was  instituted  to  determine  the  behavior  of 
full  scale  6,  8,  and  1 0 -  inch  concrete  pavement  slabs  on  various  sub¬ 
grades  and  bases  under  20,  37,  and  60  thousand  pound  wheel  load  acceler¬ 
ated  traffic,  as  well  as  a  limited  number  of  overlay  and  steel  rein¬ 
forced  concrete  slab  designs  under  the  sane  loading. 

I. 03  Background  and  Description  of  the  Test  Program: 

a.  Background:  The  investigation  or  test  program  reported 
herein  is  preceded  by  the  following  three  studies  conducted  in  the  Ohio 
River  Division,  which  were  reported  in  *(l),  (4),  (5),  (6),  (7),  (8), 
(9),  (10),  (II),  (12),  (IS),  and  (14),  all  reports  by  this  laboratory. 
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4.  ! 


The  information  cents  ned  in  the  shove  reports  is  summarized 
end  d  i  scut  sed  i  n  *  ( I) . 

These  Invest i g at  Ions  sided  greatly  in  the  knowledge  gtined  in 
the  design  of  rigid  pavements;  but  they  also  revested  the  need  for  add  i— 
tional  pertinent  data.  This  led  to  the  current  program  of  testing,  in¬ 
volving  the  construction  of  full  scale  concrete  pavement  test  sections, 
for  the  purpose  of  obtaining  the  following  additional  information: 

(1)  Evaluation  of  the  Method  of  Design  Outlined  in  Part 
IV  Chapter  XX  March  1943  edition  of  the  Engineering  Manual,  for  Rigid 
Pavement?. 

(2)  Evaluation  of  the  Effect  of  the  Following  on  Pave¬ 
ment  Behavior  under  Repetition  of  Traffic  Loading: 

(a)  Variation  in  types  of  subgrade. 

(b)  Variation  in  type  and  thickness  of  granular 
base  course. 

(c)  Variation  in  type  and  spacing  of  joints. 

(d)  Steel  reinforcement  in  concrete  pavements. 

(3)  Study  of  the  Behavior  of  Concrete  Overlays  With 
Broken  and  Unbroken  Base  Slabs  Under  Repeated  Traffic  Loading:  A  fur¬ 
ther  background  for  this  investigation  may  be  obtained  from  the  paper 
by  Robert  R.  Philippe  *(3). 

b.  Description  of  Test  Program:  Investigation  of  the  effect 
of  accelerated  traffic  tests  on  full  scale  concrete  pavements  was  con¬ 
ducted  on  a  specially  constructed  test  track  at  the  Lockbourne  Army  Air 
Base,  located  approximately  lb  miles  south  of  Columbus,  Ohio.  Location, 
layout,  and  plan  of  this  test  track  are  shown  on  figures  1.0  and  1.1. 
General  features  of  the  plan  to  be  noted  were:  two  continuous  traffic 
lanes  20  feet  wide,  adjacent  20  x  20  foot  slabs  of  design  similar  to 
those  in  traffic  lanes  for  static  load  tests,  and  special  subgrades  of 
high  bearing  value  for  sections  R,  S,  T,  and  U,  to  evaluate  subgrade 
quality.  Subgrade  for  all  other  sections  was  natural  ground.  Concrete 
units  in  each  tangent  section  were  uniform  in  design  and  in  thickness, 
providing  combinations  of  6,  8,  and  10-inch  thick  pavements  on  subgrade 
and  base  courses  6  and  12-inches  thick.  This  range  in  thickness  of  con¬ 
crete  and  base  treatment  was  originally  considered  adequate  to  bracket 
design  requirements  for  37,000  and  60,  000  pound  wheel  loads.  On  this 
basis,  it  had  been  planned  to  test  the  inside  traffic  lane  (Lane  I)  with 
a  37,000  pound  wheel  load,  and  the  outside  traffic  iane  (Lane  2)  under  a 
60,000  pound  wheel  load.  However,  early  breakup  in  Lane  1  under  the 
37,000  pound  wheel  load  necessitated  a  lesser  wheel  load  to  evaluate  the 
1  ighter  designs.  Therefore,  Lane  2  for  sections  A  to  X  inclusive  was 
tested  under  a  20,000  pound  wheel  load.  This  traffic  produced  well  de¬ 
veloped  cracking  in  the  6-inch  pavements.  After  formation  of  these 
cracks  an  overlay  slab  was  constructed  by  placing  a  7-inch  concrete  slab 
over  the  cracked  pavement  of  sections  A  to  F  inclusive,  to  carry  the 

*  Numbers  in  parenthesis  refer  to  b  ibl  iography. 
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60,  000  pound  wheel  load  traffic  in  this  lane.  The  lighter  designs, 
which  had  concurrently  failed  in  Lane  I  under  the  37,  000  pound  wheel 
load  traffic,  were  completely  replaced  with  heavier  designs  to  carry 
additional  37,000  pound  wheel  load  traffic  in  Lane  I.  Details  and  ex¬ 
tent  of  this  reconstruction  are  shown  by  Figures  1.6  and  1.6.  During 
the  traffic  tests,  deflection  measurements  were  made  under  both  static 
and  moving  wheel  loads,  and  a  complete  record  of  crack  development  was 
obtained.  Traffic  was  uniformly  dispersed  over  each  lane.  Figures  2.0, 
2.1  and  2.2  are  photographs  of  the  equipment  used  for  the  20,000,  37,000 
and  60,  000  pound  wheel  load  traffic,  and  indicate  schematically  the  dis¬ 
tribution  of  traffic  used  in  each  instance. 

1.04  Acknowledgments : 

This  investigation  was  carried  out  under  the  authorization  aid 
direction  of  the  Office  of  the  Chief  of  Engineers  by  the  Office  of  t  he 
Division  Engineer,  Ohio  River  Division.  Execution  of  design  details, 
testing  and  reporting  was  the  work  of  the  staff  of  the  Ohio  River  Divi¬ 
sion  Laboratories.  Design  details  were  worked  out  by  the  Ohio  River 
Division  Laborator.es  personnel  and  forwarded  to  the  Division  Engineer, 
Ohio  River  Division,  and  Office,  Chief  of  Engineers  for  review.  Final 
designs  were  those  approved  by  the  Office,  Chief  of  Engineers  and  the 
Division  Engineer,  Ohio  River  Division.  The  Cincinnati  District  En¬ 
gineer  Office  prepared  the  specifications  and  contract  drawings,  and  let 
the  contract  for  the  construction  of  the  Tert  Track  to  the  V.  N.  Holder- 
man  Construction  Company,  Columbus,  Ohio.  Engineering  and  inspection 
during  construction  was  performed  by  personnel  of  the  Ohio  River  Divi¬ 
sion  Laboratories. 


SECTION  II  -  DESIGN  AND  CONSTRUCTION 


2.01  De  f i n  i  t  i  ons : 

The  following  definitions  specifically  apply  to  the  design  and 
construction  details  of  the  Test  Track. 

a.  Test  Slab:  These  are  40  x  20  foot  units  in  the  tangents 
of  Lanes  I  and  2,  bounded  transversely  at  each  end  by  a  free  or  doweled 
expansion  joint,  and  longitudinally  by  a  free  edge  and  *  construction 
ioint  which  was  usually  keyed.  Test  slabs  are  designated  by  a  system  of 
letters  and  numbers  which  indicate  their  design  and  location  in  the  Test 
Track.  For  example,  referring  to  Figure  l.t,  two  designations  of  slabs 
are  given  for  ;he  ty<o  traffic  lanes  of  Section  A;  they  are  Al.60  and 
A2.o0.  The  first  letter  in  each  designation  refers  to  the  section,  the 
number  after  the  letter  to  the  lane  number,  the  number  after  the  decimal 
point  gives  the  thickness  in  inches  of  the  concrete  in  the  slab,  while 
the  last  number  indicates  the  thickness  in  inches  of  the  base  course; 
thus,  the  two  slabs  are  in  Section  A,  Lanes  I  and  2  and  are  6-inch  thi'-k 
concrete  on  subgrade.  Further  examples  are:  Slab  Q 2 • 1012  is  in  Section 
* ,  Lane  lf  and  is  a  iO-inch  thick  concrete  slab  on  a  12-inch  base  course. 
Slab  Cj  2 .  8k  -  0  is  in  Section  G,  Lane  2  and  is  an  8-inch  reinforced  con- 
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Crete  slab  on  subgrade  (the  "K"  indicates  general  reinforcing).  Slab 
111. 7-60  is  in  Section  M.  Lane  1,  and  is  a  7-inch  concrete  overlay  on  a 
6-inch  concrete  base  slab,  on  natural  subgrade. 

b.  Transition  Slab:  These  are  10  x  20  foot  slabs  occurring 
in  each  of  the  traffic  lanes,  and  form  the  transition  in  design  (con¬ 
crete  thickness  and/or  base  course)  between  the  test  slabs,  as  shown  on 
Figure  l.l.  The  slabs  were  given  no  soecific  designation  but  were  re¬ 
ferred  to  as  being  between  specified  test  slabs. 

c.  Reconstructed  o  1  a  b :  This  refers  to  the  overlays  con¬ 
structed  in  Sections  A  through  F  of  Lane  2  after  the  weaker  slabs  had 
failed  under  the  20,0C0  pound  wheel  load  traffic,  and  to  the  plain  and 
reinforced  8  and  10-inch  slabs  which  replaced  the  slabs  in  Lane  I  after 
failure  under  the  first  part  of  the  37,000  pound  wheel  load  traffic. 
Cetails  and  extent  of  this  reconstruction  are  indicated  on  Figures  1.5 
and  1.6. 


d.  Overlay  alas:  a  slab  whose  vertical  thickness  is  made  up 
of  c  concrete  base  slab  and  a  concrete  top  slab  of  greater  or  lesser 
thickness  than  the  tase  slab.  The  base  and  top  slab  are  either  sep¬ 
arated  by  a  sand  asphalt  leveling  course  or  the  leveling  course  is  omit¬ 
ted. 


e.  Reinforced  Concrete  Slab:  A  slab  which  contains  either 
bar  mat  or  wire  n;es  h  reinforcement. 

f.  Sub  grade:  The  natural  soil  cr  backfill  materials  on 
which  a  concrete  slau  or  base  is  constructed.  There  are  three  types  of 
subgrade  involved  in  these  tests,  the  natural  oround  excavated  to  grade, 
backfills  of  compacted  granular  materials  5  to  6  feet  deep,  and  the  23 
inches  of  replaced  compacted  subgrade  for  the  reconstructed  slabs  in 
La  ne  I  . 


g.  base:  The  term  "base"  applies  to  a  5  or  12-inch  course 
of  contacted  granular  materials.  Three  types  of  base  were  used  in  the 
test  sections,  a  well  graded  sand  and  oravel  base,  a  flume  sand  base, 
and  a  crushed  stone  base. 

h.  Free  Lxpansion  Joint:  These  joints  were  either  trans¬ 
verse  or  lonpitudirial  pavement  joints  employing  a  3/4-incii  redwood  or 
premoulded  bituminous  fiber  filler.  In  all  cases  a  3 / 4 -  inch  recess  was 
provided  at  the  top,  which  was  filled  with  a  bituminous  joint  seal. 

i.  Doweled  Expansion  Jcint:  In  all  cases,  doweled  expan¬ 
sion  joints  were  used  as  transverse  joints.  Tnese  joints  consisted  of  a 
3/4-inch  premoulded  bituminous  fiber  filler  and  dowel  bars  in  place 
across  the  vertical  center  of  the  joint.  One  end  of  these  dowels  was 
greased  and  capped  to  allow  movement.  Dowels  were  l-inch  in  diameter, 
16  inches  long  and  placed  on  12-inch  centers.  There  were  only  two  ex¬ 
ceptions  to  this  use  of  dowels  in  expansion  joints.  These  occurred  in 


the  reconstructed  slabs  where  dowel  bars  I -I /2  -  inches  in  d!ameter,  I  fl¬ 
inches  long  were  placed  on  8-irtch  centers  at  the  jointure  cf  slabs 
El. 88-6  and  FI.  88-6  to  their  common  transition.  In  all  cases,  the  fil¬ 
ler  is  the  same  and  a  3/4-inch  recess  was  used  at  the  surface  for  the 
joint  se.'l.  Sealing  of  joints  was  accomplished  shortly  after  comple¬ 
tion  of  the  test  slab  (approximately  5  November  19431. 

j.  Dummy  Contraction  Joint:  This  type  of  joint  was  used  as 
a  longitudinal  and  transverse  center  joint  in  most  of  the  test  slabs. 
It  was  formed  with  a  l/fc-inch  thick  pre moulded  bituminous  ribbon  of 
widths  equal  to  I / 4  of  the  slab  thickness,  which  was  inserted  vertically 
for  its  full  width  at  the  surface  of  the  slab.  This  ribbon  formed  the 
weakened  vertical  plane  for  this  type  of  joint. 

k.  Keyed  Construction  Joint:  In  all  cases  the  keyed  con¬ 
struction  joint  was  used  as  a  longitudinal  joint  between  Lanes  I  and  2. 
Details  of  this  joint  are  shown  on  Fi'gure  1.3. 

l.  Doweled  Construction  Joint:  A  longitudinal  j  c  ,  n  t  used 
between  Lanes  I  and  2,  -Sections  G,  H,  and  J.  Smooth  |-inch  diameter 
dowels  16-inches  long  on  18-inch  centers  were  used,  with  one  end  painted 
and  greased. 


m.  Tangents:  These  were  the  straight  portions  of  Lanes  I 
and  2.  Definitions  and  test  data  presented  in  this  report  are  limited 
to  the  pavements  of  the  tangents. 

2.02  Des i g n  of  Test  Track: 


Pertinent  design  features  of  the  Test  Track  are  exhibited  by 
Figures  2  to  6  inclusive.  These  figures  show  the  plan  and  sections  for 
all  test  slats  of  both  the  original  track  and  the  reconstructed  slabs, 
ohown  also  are  surface  and  subsurface  drainage  provisions.  The  surface 
of  the  track  is  sloped  0.5%  toward  the  center.  In  the  following  para¬ 
graphs,  pertinent  design  features  are  described  wi+h  reference  to  gen¬ 
eral  objectives  of  this  investigation. 

a.  Evaluation  of  Design  Methods  for  Rigid  Pavements  Outlined 
in  Part  IV  Chapter  XX  of  the  Engineering  Manual,  March  1943  edition,  for 
Rigid  Pavements:  The  slab  designs  available  in  the  Test  Track  for  this 
purpose  were  the  6,  8,  and  10-inch  plain  concrete  slabs  on  comparable 
subgrades  and/or  bases.  These  slabs  were  in  duplicate  sets,  such  that 
their  performance  agd  design  factors  could  be  comoared  for  two  wheel 
loads,  either  the  37,000  and  60,000  pound  wheel  loads  or  the  37,000  and 
20,000  pound  wheel  loads. 

b.  Evaluation  of  the  Effect  of  Variations  in  Types  of  Sub¬ 
grade  under  Repetition  of  Traffic  Loading:  There  were  two  types  of  sub¬ 
grade  which  had  comparable  test  slat  designs  of  plain  concrete  with  and 
without  bases.  The  first  type  was  the  natural  subgrade  which  had  a  ser¬ 
ies  of  6,  8,  and  10-inch  slabs  of  plain  con crete;  and  the  second  type  of 
subgrade  was  that  of  sections  R,  S,  T,  and  U  which  supported  a  series  of 
6- incli  plain  concrete  slabs.  There  was  some  variation  in  the  character 
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and  quality  of  this  second  type  of  subgrade,  as  the  subgrade  for  the 
four  test  slabs  in  sections  X  and  $  consisted  of  about  5  feet  of  soil 
stabilized  sand  and  gravel,  that  of  the  two  test  slabs  in  Section  T  of 
about  6  feet  of  compacted  sand  and  gravel,  while  that  for  the  two  test 
slabs  of  section  U  consisted  of  5  feet  of  compacted  sand.  However,  in 
all  cases  these  deeply  compacted  granular  subgrades  were  superior  to  the 
natural  subgrade.  There  was  also  a  third  type  of  subgrade  used  in  the 
reconst ructed  slabs  of  Lane  I  for  Sections  A  through  F;  but  the  inclus¬ 
ion  of  this  compacted  replaced  subgrade  was  a  construction  expedient  and 
cannot  be  evaluated  with  reference  to  the  original  two  types,  as  the  re¬ 
constructed  test  slabs  on  this  latter  type  of  subgrade  were  not  compar¬ 
able  to  the  other  designs. 

c.  Evaluation  of  Variation  in  Types  and  Thicknesses  of  Base 
Course  Under  Repetition  of  Traffic  Loading: 

(l)  Types  of  Bases:  There  were  three  types  of  base 
course  used  under  the  series  of  6-inch  plain  concrete  slabs  in  Lanes  I 
and  2  of  Sections  B  through  £.  The  two  6-inch  slabs  of  Section  A  in 
Lanes  I  and  2  were  on  natural  subgrade.  All  bases  were  6-inches  thick 
on  natural  subgrade.  The  following  table  summarizes  the  variation  in 
types  of  base  course: 


Table  2.1 


Variation  in  Types  of  Base 


Slab 

Des  ignat i on 

Type  of  Base  Course 

A 1 . 60 

No  base,  slab  directly  on  natural  subgrade 

A2.60 

No  base,  slab  directly  on  natural  subgrade 

81  . 6  6  L 

Loose  or  uncompacted  sand  and  gravel 

B2.66L 

Loose  or  uncompacted  sand  and  gravel 

Cl  .66$ 

Compacted  flume  sand 

C2.66S 

Compacted  flume  sand 

01.66 

Compacted  sand  and  gravel 

02,66 

Compacted  sand  and  gravel 

EI.S6M 

Compacted  crushed  stone  (Macadam) 

E2.66M 

Compacted  crushed  stone  (Macadam) 

(2)  Thickness  of  Bases:  Variation  in  thickness  of  base 
was  confined  to  one  type  (compacted  sand  and  gravel)  and  two  thicknesses 
of  this  base  (6  and  12  inches)  were  used  in  the  traffic  lanes  with  the 
6,  8,  and  1 0 - i n  c  h  test  slabs.  These  variations  are  summarized  in  the 
following  tabulation: 


Variation  in  base 


Slab 

Des i gnat i on 

Thickness  in  1  nc hes 

Type  of 

Subgrade 

Concrete 

Base 

Al .60  4  A2.60 

6* 

0 

natural 

81.512  4  82.612 

6 

12 

Compacted  Granular 

31.65  &  S2.66 

6 

6 

Compacted  Granular 

F 1 . PO  &  F2 .80 

8 

0 

hatura  1 

H 1 .86  4  K2 .86 

8 

6 

hat  u  ra  1 

PI .81?  4  P2.8I2 

8 

12 

Natura  1 

KI.I00  4  K2 .  100 

1  0 

0 

Nat  u  ra  1 

Cl .1 06  4  02.106 

10 

6 

Natural 

; l.l 01 2  4  y 2 . 1 0 1 2 

1  0 

12 

Natura  1 

d.  Variation  in  Type  and  Spacing  of  Joints:  Variation  and 
spacing  for  the  jointing  of  the  tangents  of  the  Test  Track  were  as  fol¬ 
lows: 


Each  section  was  made  up  of  two  20*  x  40'  slabs  separa¬ 
ted  longitudinally  by  a  keyed  construction  joint.  Transversely  the 
sections  were  separated  at  one  end  by  a  free  expansion  joint,  and  at  the 
other  end  by  a  doweled  expansion  joint.  The  sections  were  separated 
from  each  other  by  the  10-foot  wide  transition  slabs  which  joined  the 
test  slabs  either  with  two  free  or  two  doweled  transverse  expansion 
joints.  The  test  slabs  were  divided  into  four  1 0 *  x  20'  units  by  longi¬ 
tudinal  and  transverse  d  u  nun  y  joints;  and  the  transition  slabs  into  I  O'  x 
I  O'  units  by  longitudinal  dummy  joints.  This  was  the  jointing  arrange¬ 
ment  for  sections  A  through  F  and  N  through  U  as  shown  on  Figure  l.l. 
Exceptions  to  this  arrangement  were  present  In  sections  6  through  K ,  and 
the  overlay  slabs  of  sections  L  and  h.  Further  exceptions  occurred  in 
the  reconstructed  slabs  as  shown  on  Figures  I.S  and  1.6.  This  jointing 
arrangement  was  planned  to  make  as  many  test  slabs  as  possible  directly 
comparable  insofar  as  jointing  was  concerned.  The  predominate  compari¬ 
son  to  be  observed  for  the  joints  was  the  relative  behavior  of  free  and 
transverse  expansion  joints  under  repeated  traffic  loads. 


e.  Evaluation  of  the  Effect  of  oteel  Reinforcement  in  Con¬ 
crete  Pavements:  In  the  original  construction  there  were  six  8-Inch 
3lab$  in  sections  G,  >8,  and  J  with  steel  wire  mesh  reinforcement  in  the 
top  of  the  slabs  only.  Three  different  weights  of  steel  were  used  (68, 
91,  169  lbs/100  sq.  ft.)  (see  Figures  l.l  and  1.5).  The  reconstructed 
slab*  in  Lane  I  contained  steel  re  i  nf  o  rce  me.it  (see  Figure  1.5).  The 
following  tabulation  summarizes  the  types  and  disposition  of  steel  rein¬ 
forcement  in  the  test  slabs: 
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Table  2.3 


Variation  in  Steel  Reinforcement 


Slab 

bes ignat icn 

Type  of 

2.9  i  n f  o rce men  t 

Spacing 

,  Inches 

..eight  in 

lujutaua 

Top 

bottom 

Top 

Bottom 

Cr 

i*  i  n  a  1  S'  1 

a  hs 

u 1  .  8R-0 

wire  i-.esh  (I) 

S  x  -o 

ii  one 

58 

i:  one 

52.8R-0 

ft  R 

5x6 

H 

6  8 

R 

h 1  . 83-0 

ft  R 

6  x  6 

R 

9! 

ft 

H2.  8!<-0 

*1  R 

6x*3 

n 

SI 

" 

o 

t 

ar 

co 

• 

R  R 

16x2 

" 

1  89 

W 

J2.8S-G 

n  it 

16  x  2 

n 

1  59 

R 

Recons 

t ructed 

S  labs 

A  1 .1 Ca 

i.  one 

.. 

__ 

.. 

b 1 . 1 OR-6 

■/,  i  re  !-.es  n  (i ) 

6x6 

6  x  6 

•5  8 

68 

Cl . 1 OK-G 

1*  R 

6x6 

5x6 

I  $  v> 

1  56 

0  1  . !  ore  -  6 

R  Pt 

6x6 

6  x  ft 

S  8 

68 

E 1  .SR- 6 

R  R 

6x6 

5x5 

1  5  5 

1  5  5 

F  I  .  8 1!  -  v 

bar  Mat  (2) 

8x8 

8  x  fc 

1  £3 

1  S3 

V 1 .  8x  -6 

oar  Mat  (2) 

6  x  6 

hone 

259 

r  one 

(1)  2-inch  clearance  top  and  bottom 

(2)  1.5-inch  c  le a ra nc e ;  0 . 5 - i nc h  diameter  bars 

The  original  slabs  had  only  light  reinforcement  in  the  top  in  the 
weights  and  distribution  generally  used  for  concrete  pavements. 

f.  Study  of  the  behavior  of  Concrete  Overlays  on  broken  and 
Unbroken.  Sase  Slabs  under  Repeated  Traffic  Loading:  The  overlay  Per.  ions 
for  this  study  were  included  in  the  original  construction  in  Lanes  I  and 
2,  Sections  L  and  H ,  and  in  Lane  2  .sections  A  through  F  for  the  recon¬ 
structed  slabs,  as  shown  on  Figures  i.l  ane  1.5.  T^e  following  table 
summarizes  the  pertinent  features  of  these  designs: 
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Table  2.4 


Variation  in  Overlay  Designs 


SI  ab 

Des i gnat i on 

Thickness  in  Inches 

Condition  of 

Base  Slab 

No.  of  Cov¬ 
erages  on 
Bate  Slab 

is 

Overlay 

Level i ng 
Course  (l) 

Or 

ginal  Slabs 

t 

LI .5-60 

6 

5 

0.75 

Free  of  Cracks 

0 

L2.5-60 

6 

5 

0.75 

*  i  w 

0 

Ml .7-60 

6 

7 

0.75 

US  • 

0 

M2. 7-60 

6 

7 

0.75 

•  ■  • 

0 

itructed  Sla 

}  s  ** 

A2.7-60 

6 

7 

0.75 

•••  Partially 

520 

c  racked 

B2. 7-661 

6 

7 

1 

Badly  cracked 

524 

C2.7-66S 

6 

7 

I 

Badly  cracked 

526 

02.7-66 

6 

7 

None 

A  few  cracks 

554 

E2.7-66M 

6 

7 

None 

A  few  cracks 

558 

F2.7-80 

8 

7 

None 

Free  of  cracks 

554 

( l)  When  a  leveling  course  is  indicated,  sand  asphalt  was  used. 

*  Original  slabs  constructed  into  overlay  slabs  without  exposure 
of  base  slab  to  traf f ic. 

**  Top  slab  constructed  after  indicated  coverages  of  traffic  on 
base  slab. 

***  See  Figures  5.0  and  5.1  for  graphical  representation  of  crack 
pattern  of  base  slabs  before  construction  of  top  slab. 

Reconstruction  in  lane  2  consisted  of  placing  a  7-inch  concrete  top  slab 
over  the  original  slebs  of  sections  A  through  F.  The  cracks  in  the  ori¬ 
ginal  or  base  slabs  of  these  sections  resulted  from  the  20,000  pound 
wheel  load  traffic.  The  character  an  J  extent  of  the  cracks  are  given  by 
the  final  crack  pattern  of  Figures  5.0  and  5.  |  for  the  20,000  pound 
wheel  load  traffic.  The  jointing  of  the  overlays  was  identical  to  that 
of  the  base  pavement  with  the  one  exception  that  the  transverse  joints 
of  the  transition  slab  between  the  test  slabs  02.7-66  and  F2. 7-66M  lap¬ 
ped  those  of  the  base  pavement  by  18  inches  as  shown  on  Figure  1.5. 

In  general,  the  overlay  slaDi  were  designed  to  give  the  fol¬ 
lowing  info  rma  t  i  on : 

(|)  Comparison  to  single  slabs  of  equivalent  design. 

(2)  Effect  of  s  stnd  asphalt  leveling  course  between  the 
base  slab  and  ton  slab. 

(3)  Effect  of  cracks  in  the  base  slab  on  the  behavior  of 

the  top  slab. 
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2 . 03  Construct  ion: 

Construction  of  the  Test  Track,  as  shown  on  Figure  l.i  was 
started  on  2  August  1943  and  completed  3  November  1943.  The  reconstruc¬ 
tion,  as  shown  on  Figure  1.5,  was  done  between  5  June  and  10  July  1944. 
Construction  methods  used  for  the  subgrades,  bases,  and  concrete  follow: 

a.  Subgrades:  Two  types  of  subgrade  were  used  in  the  ini¬ 
tial  construction  of  the  Test  Track,  the  natural  subgrade,  and  the  deep 
compacted  granular  subgrades  of  sections  R,  S,  T,  and  U.  In  the  recon¬ 
structed  slabs  an  additional  type  of  subgrade  was  used  which  is  desig¬ 
nated  as  a  compacted  replaced  subgrade. 

(1)  Natural  Subgrade:  This  type  of  subgrade  was  always 
prepared  by  excavation  to  about  grade  by  means  of  scrapers,  after  which 
forms  were  placed  and  excavation  to  exact  grade  was  done  by  hand  methods 
followed  by  a  light  rolling  with  a  smooth  wheeled  roller.  Determina¬ 
tions  of  unit  weight  and  water  content,  and  field  bearing  tests  were 
made  on  the  finished  subgrades  before  concrete  or  bases  were  placed. 

(2)  Deep  Compacted  Granular  Subgrades:  Deep  sections 
were  excavated  in  the  natural  ground  to  about  6  feet  below  grade.  These 
sections  were  then  backfilled  to  grade  with  granular  materials  which 
were  spread  ana  compacted  in  6-inch  layers.  Compaction  was  accomplished 
with  a  sheeps-foot  roller  having  a  foot  pressure  of  about  2 1 5  lbs/in. 

The  materials  in  these  sections  were  sampled  during  construction  for  in- 
place  determinations  of  unit  weight  and  water  content.  Also,  field 
bearing  tests  were  made  on  the  finished  subgrades  before  concrete  or 
bases  were  placed. 

(3)  Compacted  Replaced  Subgrade:  This  type  of  subgrade 
was  used  for  the  reconstruction  of  the  test  slabs  in  Lane  I  of  sections 
A,  B,  C,  D,  E,  and  F.  Construction  consisted  of  first  removing  the  bro¬ 
ken  concrete,  base,  and  natural  subgrade  to  a  depth  of  about  2  feet  be¬ 
low  grade.  This  excavation  was  then  backfilled  to  grade  by  spreading 
and  compacting  the  cohesive  soil  available  at  the  site  in  6-inch  layers 
by  means  of  a  bulldozer  and  a  sheeps-foot  roller.  The  pressure  on  the 
feet  of  the  roller  was  about  215  Ibs/in.*.  The  soil  was  maintained  as 
nearly  as  possible  at  its  optimum  moisture  content  during  compaction. 

b.  Bases:  The  three  types  of  bases  constructed  were  sand, 
crushed  stone,  end  the  compacted  sand  and  gravel  base.  Unit  weight  and 
water  concent  determinations  were  made  of  the  finished  basas  in  elace. 

(l)  Sand  Base:  This  was  e  6-inch  compacted  sand  base. 
The  sand  waa  the  seme  as  that  used  in  the  deep  granular  subgrade  of  sec¬ 
tion  U.  The  rolling  end  compacting  of  the  sand  in  the  bate  by  the  usual 
methods  was  not  antirely  successful,  due  to  the  fact  that  there  was  only 
one  6-inch  layer  over  the  natural  subgrede.  A  fair  degree  of  compaction 
was  achieved  by  thoroughly  wetting  the  sand  with  water.  Despite  wetting 
of  the  send,  stability  of  the  subgradc  was  not  effected. 
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(2)  Crushed  Stone  Base:  This  bate  consisted  of  a  6-inch 
compacted  layer  of  crusher-run  stone.  The  crushed  stone  was  placed  on 
the  natural  subgrade  in  a  3-inch  layer  which  was  wetted  and  rolled  with 
a  smooth  two-wheeled  7.5  ton  roller.  The  surface  was  choked  with 
screenings  and  again  flat  rolled  with  two  additional  passes  of  the 
roller.  A  second  3-inch  layer  of  crushed  stone  was  placed,  wetted, 
rolled  and  choked  with  screenings  in  the  same  manner  as  the  first  layer. 

(3)  Sand  and  Gravel  B a s - :  This  type  of  base  was  6  and 
12-inches  thick  and  was  constructed  either  by  spreading  and  compacting 
one  6-inch  layer  of  material  or  two  6-inch  layers  on  the  subgrade.  One 
exception  to  this  procedure  was  made  in  section  B  where  the  6-inch  base 
was  only  spread  and  leveled  before  placing  concrete.  This  was  desig¬ 
nated  as  the  loose  sand  and  gravel  base.  Compaction  of  the  other  sand 
and  gravel  bases  was  achieved  first  by  wotting  the  material,  then  by 
utilizing  the  combined  weight  of  the  roller  and  caterpillar  tractor  tow¬ 
ing  it.  Reconstructed  baces  were  compacted  in  the  same  manner.  Unit 
weight,  water  content,  and  base  moduli  were  measured  for  the  completed 
base  courses  before  concrete  placement. 

c.  *  Concrete:  Transit  nixed  concrete  containino  natural  sand 
and  gravel  (1-1/2  Inc  maximum  size)  was  used.  The  concrete  mix  design 
was  based  on  6-1/2  s«v«t  of  cement  per  cubic  yard  of  concrete.  net er 
content  varied  from  approximately  5-1/2  to  6  gallons  of  water  car  sack 
of  cement.  Each  bate;  of  concrete  was  inspected  visually  before  placing, 
and  in  certain  instates  it  was  found  necessary  to  add  water  to  obtain 
the  desired  workability.  This  factor  accounted  for  the  wide  variation 
in  water  content  previously  noted. 

Concrete  used  in  the  recons t ructed  slabs  differed  from  the 
concrete  used  previously  in  that  High  Early  Portland  Cement  was  used  in 
place  of  the  Normal  Portland  Cement  and  a  higher  water  cement  ratio  was 
used. 


Curing  of  the  concrete  was  accomplished  with  the  use  of  wet 
cotton  mats.  Concrete  in  the  reconst ructed  slabs  was  cured  by  using 
damp  straw.  (ate  (2)  for  further  details  concerning  concrete  construc¬ 
tion). 


ncrete  specimens  for  testing  were  at  follows: 

(1)  Control  Beams  and  Cylinder*:  Three  to  four  g  t  •*  a 
16-inch  beam*  were  ce*t  fro*  representative  concrete  taken  fre*  each 
te*t  slab.  Each  day,  three  6  t  ij-inch  cylinder*  were  c**t  from,  repre¬ 
sentative  concrete.  These  were  tested  in  the  laboratory  as  explained 
later  in  this  report  (see  (2)). 

(2)  field  seats:  for  each  test  slab,  two  field  beams 
having  a  width  nnd  depth  egu«1  to  the  slab  thickness  and  a  length  cg»a> 
to  four  times  the  slab  thickness,  were  cast  in  wood  fort*  on  representa¬ 
tive  subg^ide  or  base  near  each  section.  These  bte^s  were  cured  by  the 
Same  rethod  and  condition  as  the  c or r* *  pond i n g  est  slab,  and  were  left 
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in  the  field' until  time  for  testing.  They  were  tested  for  flexural 
strength  and  other  properties  at  about  the  time  the  test  slaba  were 
tasted  under  traffic  loading. 

SECTION  III  -  TRAFFIC  AND  AUXILIARY  TEST  IMG 
3.01  Def  i  n  i  t  ions : 

The  following  definitions  apply  specifically  to  the  traffic 
and  auxiliary  testing  of  the  Test  Track: 

a.  Defloction:  Vertical  movement  of  a  slab  at  any  point  at 
its  interior,  edge,  or  corner  resulting  from  moving  or  stationary  wheel 
loads  only. 

b.  Tire  Print:  Contact  area  of  tire  on  pavement  when  wheel 
is  stationary.  (See  typical  tire  prints  on  Figures  2.0,  2.1,  and  2.2). 

c.  Trip:  One  passage  of  the  loading  equipment  over  a  slab. 

d.  Coverage:  The  planned  routing  of  two  trips  of  the  load¬ 
ing  equipment  to  produce  as  uniform  a  distribution  of  traffic  as  pos¬ 
sible  over  a  slab,  as  shown  on  Figures  2.0,  2.1,  and  2.2. 

3.02  Traf f  ic  Loading  Equipment: 

Two  types  of  haavy  earth  moving  equipment  were  used,  each  con¬ 
sisting  of  a  scraper  unit  and  a  power  unit.  The  following  table  indi¬ 
cates  the  type  used  for  each  wheel  loading: 

Table  3.1 


Dimensional  Data  of  Traffic  Loading  Equipment 


3.03  Traffic  Coverage  of  Test. Track: 

The  major  portion  cf  the  traffic  was  completed  during  the  sum¬ 
mer  and  fall  of  1944.  This  included  ihe  20,000,  37,000,  and  60,000 
pound  wheel  load  traffic,  which  adequately  established  the  degree  to 
which  the  majority  o*  tne  test  slabs  in  the  Track  could  carry  these 
wheel  loadings.  The  only  exception  was  the  heavily  reinforced  designs 
for  the  reconstructed  siabs  in  Lane  I;  therefore,  to  more  fully  develop 
the  potentialities  of  these  slabs,  they  were  subjected  to  1084  addi- 


tional  coverages  of  55,000  pound  wheel  load  traffic  during  September 
1945.  The  tire  print,  and  distribution  per  coverage  for  the  55,000 
pound  wheel  load  are  essentially  the  same  as  that  shown  for  the  60,000 
pound  wheel  load  traffic  on  figure  2.2. 

The  following  table  gives  the  schedule  and  extent  of  traffic 
coverage  for  the  Track: 


Table  3.2 

Traffic  Schedule  and  Coverages 


Traffic  wheel 

Locat i on 

Time  of 

Traf  f  i  c 

Number  of 

Load  in  Lbs. 

From 

To 

Coverages 

20,000 

North  Tangent 
Lane  2 

1 6  May  *  44 

27  May  '44 

597 

3  7,  00  0 

La  ne  i 

1  8  Apr.  ’44 

9  May  ' 44 

3  63 

37,000 

Lane  1 

19  July  '44 

6  Sept. ' 44 

1118 

37,000 

Lane  1 

29  Nov.  '  44 

9  Dec.  '44 

804 

2285  Tota 1 

60,000 

Lane  2 

! 1  Sept. '44 

25  Nov.  1 44 

7  12 

55,000 

Lane  1  ,  Sec- 
t  i ons  A 
through  F 

1  7  Sept.  '  44 

!  r;  Pet.  '  45 

1  084 

3.04  Data  Obtained  Ouring  Traffic  Tests: 


a.  Stationary  Wheel  Load  Deflection  Measurements:  These 
measurements  were  at  joint,  edge,  and  interior  positions  using  the  ap¬ 
propriate  wheel  load  for  each  slab  involved.  They  consisted  of  count¬ 
ing  extensometer  gages  on  a  wooden  cantilever  and  running  a  wheel  of  the 
loading  equipment  alongside  the  extensometer  as  shown  by  the  photographs 
of  Figure  2.3.  The  equipment  was  stopped  in  this  position  and  the  de¬ 
flection  indicated  by  the  extensometer  was  read  after  on  minute;  the 
equipment  was  then  moved  to  the  next  position.  The  sequence  of  these 
measurements  is  clearly  indicated  by  the  diagramatic  sketches  accompany¬ 
ing  the  results  which  are  given  on  Figures  4.0  through  4.7. 

b.  Moving  wheel  Load  Deflection  Meas t ren en ts :  These  measur¬ 
ements  we  i  -•  taken  at  a  few  points  at  interior  slab  positions  and  across 
joints  for  the  2  0  ,  0  0  Q ,  37,000  and  60,000  pound  wheel  loads.  woodman 
electrical  deflection  gages  were  used  with  an  amp  1  i  f  ic;  t  i  on  circuit  and 
recording  oscillograph  to  obtain  a  continuous  record  of  deflection  at 
the  gage  point  as  a  wheel  of  the  leading  equipment  accroaches,  passes 
over,  and  leaves  the  gage.  Necessary  details  of  gage  location  and 
direction  of  traffic  are  shown  schematically  with  the  results  of  these 
measurements  given  on  Figures  4.8  to  4.11.  Difficulties  with  the  ampli¬ 
fication  circuits,  and  the  mechanical  functioning  of  the  gage  severely 
limited  its  use  when  applied  to  measuring  deflections  of  concrete  cave- 
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merit  slabs.  These  cage*  were  designed  and  built  by  the  United  States 
Waterways  experiment  Station,  Vicksburg,  Mississippi  for  measuring  de¬ 
flections  of  flexible  pavements,  and  were  considered  the  best  available 
for  measuring  deflections  of  rigid  pavements  under  moving  wheel  loads  at 
the  time  of  tfic  tests.  Details  of  the  gage,  method  of  installation,  and 
circuits  are  given  on  Figures  2.4,  2.5,  and  2.6. 

c.  Other  Measurements;  In  addition  to  the1  stationary  and 
moving  wheel  load  deflection  measurements,  the  crack  patterns  were 
mapped  and  photographed  as  they  developed  in  the  test  slabs  and  transi¬ 
tion  slabs  under  the  repetition  of  traffic  loading.  Records  of  daily 
temperatures  were  obtained  from  the  weather  station  at  the  base.  Therm- 
ohm  installations  in  the  top,  middle,  and  bottom  of  6,  8,  and  10-ineh 
slabs  were  used  with  a  6  point  ri.icromax  recorder  to  obtain  continuous 
readings  of  temperature  change  within  tne  concrete. 

SECTION  IV  -  PH  Y3  iC  A  L  PROPERTIES 


4.0J  Ge  ne  ra  I : 

This  section  of  the  report  summarizes  the  pertinent  physical 
properties  of  tne  subgrades,  bases,  and  concrete  as  they  were  at  the 
time  of  construction,  *,nd  at  the  time  of  traffic  testing.  The  physical 
properties  of  the  suburades  and  bases  were  obtained  from  preliminary 
auger  borings  covering  the  area  on  which  the  Test  Track  was  constructed 
and  from  tests  made  during  construction.  These  tests  were  adequate  to 
fix  the  soil  classification,  degree  of  compaction,  and  water  content  at 
the  time  o f  construction;  but  did  not  necessarily  fix  the  tearing  values 
of  the  subgrades  and  bases  at  the  time  of  traffic  testing  which  was  in 
progress  6  months  to  I  year  after  completion  of  the  original  construc¬ 
tion.  In  fixing  the  bearing  value  of  the  subgrades  and  bases  at  the 
time  of  traffic  tests,  water  content  determinations  of  base  and  subgrade 
materials  beneath  the  test  slabs  were  made  by  sampling  these  materials 
through  core  holes  drilled  in  the  slabs.  These  water  content  determina¬ 
tions  showed  conclusively  that  the  water  contents  of  the  subgrades  at 
the  time  of  traffic  testing  were  essentially  the  same  as  they  were  at 
the  time  the  field  bearing  tests  were  made  during  construction.  There¬ 
fore,  it  is  assumed  that  the  subgrade  and  base  course  moduli  measured 
during  construction  were  also  representative  at  the  time  of  the  traffic 
tests.  This  assumption  is  further  substantiated  by  one  bearing  test 
which  was  repeated  after  removing  a  test  slab  which  failed  during  traf¬ 
fic,  and  by  static  loading  tests  on  the  static  test  slabs.  These  static 
loading  tests  were  made  during  and  after  the  traffic  tests.  Coring  of 
the  test  slabs  also  provided  information  on  the  actual  thickness  of  the 
concrete,  which  was  used  in  theoretical  computations  of  stress  in  the 
test  slabs  for  the  appropriate  loadings.  (See  Section  V  -  Computations). 
It  was  found  that  the  slab  thicknesses  were  as  much  as  0.4  to  1.0  inch 
less  than  the  design  thickness  fer  the  original  construction;  while  for 
the'  reconstructed  slabs,  actual  thickness  and  design  thickness  corres¬ 
ponded  very  closely. 
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Where  bearing  values  fsubgrsde  or  base  course  moduli  "k"  in 
lbs/in.*)  are  given  in  this  repor*,  they  r-ere  determined  by  the  field 
bearing  test  procedure  given  in  Chapter  of  the  March  1943  edition  of 
the  Engineering  Manual,  without  correct,  on  for  saturation.  Physical 
properties  of  the  concrete  were  determined  from  control  beams  and  cylin¬ 
ders  during  c onst t uct  i  on ,  aod  from  field  beams  and  beams  sawed  from  bro¬ 
ken  pieces  of  the  test  slabs  at  the  time  of  the  traffic  tests. 

4 . 02  Subgrades  ; 

The  following  table  summarizes  the  averaje  physical  properties 
of  the  three  general  types  of  subgrade  present  in  this  investigation: 

Table  4.1 

Average  Physical  Properties  of  Subgrades 


Type  of 
Subgrade 

A  ve  ra< 

e  M. 

.  T.  Class  if. 

Plast- 

Water 

Unit 

% 

Clay 

i 

Silt 

% 

Sand 

% 

Gravel 

i  c  i  t  y 
Index 

Content 
%  Dry  Wt. 

Dry  Wt. 
#/ ft.3 

"k" 

HI  in.3 

Natural 

30 

55 

1  5 

_  „ 

20 

20 

1  05 

90 

Reconst  ructed 
Deep  granular 

25 

50 

25 

-  - 

I  3 

1  5 

1  t  0 

95 

Sand  &  Gravel 

.... 

-- 

40 

60 

N.  P. 

7 

132 

371 

Soil  Stabilized 

7 

1  3 

40 

40 

7.3 

9 

125 

400 

Sand 

-  ~ 

50 

50 

N.  P. 

5 

122 

2  07 

The  sand  and  gravel  and  the  soil  stabilized  sand  and  gravel  of 
the  deep  granular  subgrades  had  a  maximum  gravel  particle  size  of  2.5 
inches,  while  that  of  the  sand  subgrade  (flume  sand)  was  about  5.0  mm. 
or  0.2  inches. 

The  natural  overlying  soil  and  tomography  of  the  site  are  the 
result  of  the  Wisconsin  stage  or  glaciation.  The  glacial  till  extends 
to  considerable  depths.  The  upper  10  to  15  feet  of  this  material  is 
predominately  a  grayish  brown  silty  clay,  containing  traces  of  sand  and 
gravel  with  a  few  small  to  medium  sized  boulders. 

4.03  Bases: 


The  average  physical  properties  of  the  varied  types  of  bases 
used  in  this  investigation  are  summarized  in  the  following  tabulation: 
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Table  4.  2 


Average  Physical  Properties  of  Bases 


M.  1.  T. 

C 1  ass i f . 

Max  imum 

Waier 

Content 

Unit 

"k" 

lbs/  in.'* 

Type  of  Base 

% 

Grave  i 

Grain 

S  ize 

Dry  Wt. 
lbs/ft.  3 

Crushed  Stone 

22 

78 

0.8" 

5 

133 

108 

Sand 

Compacted  Sand 

50 

50 

0.2" 

6 

117 

72 

and  Gravel 
Reconstructed 

40 

60 

2.5" 

6 

1  30 

90 

Sand  &  Gravel 

50 

50 

2.5" 

5 

1  26 

192 

The  6- inch  crushed  stone  base  was  compacted  to  about  95%  of 
its  modified  A.  A.  S.  H.  0.  maximum  unit  dry  weight,  but  no  appreciable  in¬ 
crease  in  bearing  value  was  obtained  over  that  of  the  natural  subgrade 
on  which  ft  was  placed. 

The  compacted  sand  and  gravel  bases  varied  in  degree  cf  com¬ 
paction  from  90%  to  95%  of  the  modified  A.  A.  S.  H.  0.  maximum  unit  dry 
weight  for  these  materials.  The  6  and  12-  inch  bases  placed  on  natural 
subgrade  did  not  increase  the  subgrade  modulus;  i.e.,  the  base  aid  sub¬ 
grade  modulus  measured  were  essentially  the  same.  However,  the  6-inch 
sand  and  gravel  bases  placed  on  the  reconstructed  subgrade  showed  a  con¬ 
siderable  increase  in  measured  values  of  base  modulus  over  those  of  the 
subg rade. 

4.04  Concrete: 

a.  Concrete  Mix  Oesign:  The  concrete  mixture  used  in  the 
original  construction  consisted  of  regular  Portland  Cement  (Federal 
Specification  $S-C-I9lb),  natural  sand  and  1-1/2-inch  maximum  size 
gravel  in  the  weight  proportions  of  1:2.34:4.12.  The  cement  content  was 
5.5  sacks  per  cubic  yard  of  concrete,  and  the  water-cement  ratio  ranged 
between  5-1/2  and  6  gallons  of  water  per  sack  of  cement. 

The  same  concrete  mixture  was  used  for  the  reconstructed  siabs 
except  that  the  cement  was  h ig h-e arl y-st rengt h  Portland  (Federal  Specifi¬ 
cation  SS-C-20la)  and  the  water-cement  ratio  ranged  between  6  and  6-1/2 
gallons  of  water  per  sack  of  cement.  This  higher  water  content  was 
necessary  because  of  the  use  of  h  ig  h-ear  ly-st  rengt  h  cement  during  a 
period  of  unusually  high  air  temperatures,  and  because  of  the  slow  pro¬ 
gress  in  placing  the  concrete  in  the  slabs  reinforced  with  two  layers  of 
steel. 


b.  Test  Specimens:  Concrete  test  specimens  consisted  of 
1  aboratory-cured  concrete  aCont  rol  beams  and  cylinders,  field-cured  beams, 
and  sawed  beams. 


T 
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(l)  Contro*.  Specimens:  For  the  origin*!  construction 
the  control  specimens  consisted  of  one  ? 9 1  of  three  or  four,  4  x  4  x 
16-inch  beams  for  each  20  x  40-ft.  test  slab,  while  for  the  recon¬ 
structed  slabs  each  test  slab  was  represented  by  two,  4  x  4  x  16  inch 
beams.  In  addition  one  set  of  two  or  three  6  by  12-inch  cylinders  was 
cast  each  day  that  concrete  was  placed.  These  specimens  were  cured  un¬ 
der  damp  cotton  mats  in  the  field  until  they  were  transported  to  the 
Ohio  River  Division  Laboratories,  generally  within  a  week  after  they 
were  cast.  Curing  was  then  continued  in  the  laboratory  fog-room. 

(2)  Field  Beams:  During  both  the  original  construction 
and  the  reconstruction,  two  concrete  beams,  having  widths  and  depths 
equal  to  the  thickness  of  the  pavement  represented  and  lengths  of  four 
times  the  thickness,  were  cast  on  representative  subgracie  or  base  for 
each  test  slab.  These  specimens  were  cured  in  the  same  manner  as  the 
pavement.  However,  the  field  beams  for  the  original  construction  were 
not  protected  against  freezing  during  the  winter  of  1943-44  when  the 
pavement  slabs  were  covered  with  straw  and  tarpaulins. 

(3)  Sawed  Beams:  Beams  having  widths  and  depths  equal 
to  the  thickness  of  the  slab  and  lengths  of  four  times  the  thickness 
were  sawed  from  pieces  of  a  number  of  slabs  which  had  failed  during  the 
traffic  tests. 


c.  Tests:  The  following  tests  were  conducted  on  specimens 

representing  the  concrete  in  the  test  slabs: 

(1)  Slump 

(2)  Dynamic  Modulus  of  elasticity 

(3)  Static  modulus  of  elasticity 

(4)  Flexural  strength 

(5)  Compressive  strength 

(a)  Beam  specimens  tested  as  modified  cubes 

(b)  Cy 1  I nder  spec imens 

(6)  Density 

(7)  Absorption 

Whenever  applicable,  the  standard  procedures  of  the  American 
Society  for  Testing  Materials  were  us jd  in  conducting  the  tests. 

The  dynamic  modulus  of  elasticity  of  the  beam  specimens  was 
determined  by  the  electrical  method  of  flexural  vibration.  A  detailed 
description  cf  the  dynamic  method  employed  for  this  test  appears  in  an 
article  by  Obert  and  Duvall  (20). 

d.  Test  Results:  A  summary  of  the  results  of  tests  con¬ 

ducted  on  the  specimens  representing  the  concrete  in  the  test  slabs  sub¬ 
jected  to  traffic  tests  is  presented  In  the  following  table: 
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Table  4.3 


Summary  of  Test  Results 


Type  of 

Specimen  Tested 

- , 

SI  ump 
In¬ 
ches 

— ...  — | 
Number 
of 

Speci¬ 
men  Sb  * 

Avg. 

Age 

Days 

l 

Modu  lus  of 
Elasticity 
psi.  x  10° 

Strength,  psi. 

FI  ex- 
ural 

Compres¬ 

sive 

ro'jiP.inim 

Static 

20,000  Poi 

md  Whe 

el  Load 

Traffi 

ic,  North 

Tangent  - 

Lane  2 

4  x  4  x  16  inch  Bears 

2* 

33 

28 

5.50 

3.36(1) 

660(28) 

4130(23) 

6x12  inch  Cyl inders 

2 

28 

— 

3.75 

— 

5005 

Field  Beams 

20 

300 

5.34 

3.53(19) 

730(16) 

Sawed  Beams 

3 

540 

5.05 

3.87 

880 

— 

37,000  Pound  Wheel  Load  Traffic  -  Lane  1 

a.0riginal  Construction 

4  x  4  x  16  inch  Beams 

3 

74 

28 

5.16 

3.40(4) 

650(64) 

6  x  12  i nch  Cyl i nders 

6 

28 

— 

3.44 

— 

Fiel  d  Beams 

30 

300 

5.59 

3.77 

780 

Sawed  Beams 

1 

18 

475 

5.60 

3.68 

790 

5475(12) 

b.  Reconstructed  Slabs 

4  x  4  x  16  inch  Beams 

4 

12 

14 

4.64 

-- 

660 

4900 

2 

7 

4.07 

-- 

555 

6  x  12  inch  Cyl  inders 

5 

14 

__ 

«.  — 

__ 

4195 

Field  Beams 

14 

51 

5.08 

l 

3.27 

750 

492C  (1 2) 

60,000  Pound  Wheel  Load  Traffic  -  Lane  2 

£U 0 r i g i nal  Construction 

1 

4  x  4  x  16  i nch  Beams 

2 1 

71 

28 

5.44 

3.40(5) 

62  5(6  4) 

4310(54) 

6x12  inch  Cyl inders 

8 

28 

— 

3.73 

-- 

■SKI 

Field  Beams 

44 

330 

5.  50 

3.66  (43) 

720(38) 

Sawed  Beams 

16 

570 

6.12 

3.82 

905 

5125 

b.  Reconstructed  Slabs 

4  x  4  x  16  i nch  Beams 

5 

6 

i  4 

4.40 

— 

665 

5360 

4 

7 

4.35 

-- 

585 

4445 

6x12  inch  Cyl inders 

2 

14 

•  - 

4430 

2 

7 

— 

-- 

-- 

40  70 

Field  Beams 

| 

12 

136 

5.  17 

760 

5070 

’Number  of  specimens  represented  axceot  as  otherwise  indicated  by 
numbers  In  parenthesis. 
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Density  and  absorption  tests  which  were  conducted  on  pieces  of 
broken  beam  specimens  showed  the  following  results: 

Average  density  162. 4  pounds  per  cubic  foot. 

Average  absorption  6.1  percent  by  weight  of  the  concrete. 

The  following  is  a  tabulation  of  the  average  flexural  strength 
values  together  with  the  respective  estimated  28  day  strength  values 
summarized  from  the  preceding  table: 

Table  4.4 

Average  Flexural  Strength  Data  of  Concrete 


Locat i on 


Laboratory  Beams 


4x4x 16  in. 


A  vg. 
Esti¬ 
mated 
28-day 
Strength 


Field  Beams 


ge 

Avg . 

a  ys 

ps  i. 

vg. 

Avg . 

ge 

ps  i. 

ays 

Sawed  Beams 


2  0,  000# 

Wheel  Load  2  8  660 

37,000# 

wheel  Load  28  650 

60,  000# 

Wheel  Load  28  625 


37, 000# 

W  hee I  Load  14  660 

60,000# 

W nee  I  Load  14  665 


i  na 1  Construction 


300  730  595 

300  780  635 

330  720  585 

i 

Reconstructed  Slabs 


51  750  (2) 

620  136  760  (2) 


540  880 

475  790 

570  905 


Avg 
Est 
mated 
2  8-day 
St  rengt  h 


(1)  For  standard  bears  of  5-inch  square  section  with  3rd  point 
load i n  g. 

(2)  Ho  data  available  for  estimating  28-day  strength  of  concrete 
containina  hiqh-early-strength  cement. 

e.  Discussion:  With  respect  to  the  physical  properties  of 
the  concrete,  the  results  of  flexural  strength  tests  and  of  modulus  of 
elasticity  determinations  arc  significant  in  evaluating  the  results  of 
the  t  raff  i c  tests . 


Average  values  of  flexural  strength  of  the  different  beam 
specimens  are  tabulated  in  Tables  No.  4.3  and  No.  4. if.  The  summary  in 
Table  No.  4.1  includes  estimated  28-day  strength  values  for  specimens 
tested  at  later  ages.  Also,  the  strengths  obtained  with  4  x  4  x  16- 
inch  beams  are  corrected  to  be  comparable  to  values  obtained  with  stand¬ 
ard  beams  having  a  6-inch  square  section.  The  size  of  the  field  beams 
and  sawed  beams  varied  with  the  thickness  of  the  pavement  represented; 
however,  nostrength  corrections  were  made  for  the  different  sized  beams. 

All  traffic  test  slabs  for  the  original  construction,  except 
slabs  G,  H,  J,  and  K  and  the  overlay  slabs  in  section  L  and  M,  were  cast 
during  the  first  two  weeks  after  concrete  construction  was  commenced. 
The  average  flexural  strength  of  the  concrete  control  beams  cast  during 
this  two-week  period  was  620  ps i ,  with  90%  of  the  values  within  1 0%  of 
the  average  for  all  sets  cast.  The  average  flexural  strength  of  the 
control  specimens  from  the  remaining  test  slabs  was  approximately  10% 
higher,  with  similar  uniformity  of  the  concrete. 

For  the  reconstructed  slabs  the  control  beams  had  an  average 
flexural  strength  of  660  psi.  at  I  if  days,  and  the  results  were  slightly 
less  uniform  than  for  the  original  construction.  This  may  be  attributed 
partly  to  the  difficulties  encountered  during  construction,  and  to  the 
fact  that  the  specimens  were  f ie  Id-cvred  for  7  days  or  longer  before  be¬ 
ing  sent  to  the  laboratory.  In  addition,  h  i  g h-ea r 1 y-s t re ng t h  cement  was 
used,  during  a  particularly  dry  spell,  and  difficulty  was  encountered  in 
maintaining  the  proper  workability  during  concrete  placement. 

The  specimens  show  continuous  gain  in  flexural  strength  with 
age,  and  the  sawed  beams  indicate  that  flexural  strength  of  the  concrete 
in  the  test  slabs  was  at  least  as  great  as  that  of  the  cast  specimens 
representing  this  concrete.  It  is  for  note  that  estimated  28-day 
strengths  of  control  beams  (estimated  on  basis  of  cross  section)  and 
field  beams  (estimated  on  basis  of  age)  are  comparable.  On  the  other 
hand,  estimated  28-day  strength  (estimated  on  basis  of  age)  of  sawed 
beams,  was  found  to  be  higher. 

For  the  original  construction  the  average  modulus  of  elastic¬ 
ity  of  the  concrete  beam  specimens  at  the  age  of  28  days  was  approximate¬ 
ly  6.3  million  psi.  in  the  dynamic  tests,  and  3.4  million  psi.  in  the 
static  tests.  At  the  time  of  the  traffic  tests  the  modulus  increased  to 
approximately  5.6  million  psi.  in  the  dynamic  tests  and  3.7  million  psi. 
in  the  stat.  ic  tests. 


SECTION  V  -  COMPUTATIONS 


5. 0 1  Genera  1 : 


For  purposes  of  evaluation,  comparisons,  and  estimates  of  the 
degree  of  overload,  three  computations  of  the  mex irnum  theoretical  stress 
have  been  made  of  each  slab  for  the  wheel  load  or  wheel  loads  involved. 


•>\> 


*4--  ' 


Two  of  these  comou  t  at  i  on  s  are  for  the  wheel  loading  at  tne  Interior  oor- 
tion  of  the  slab  (i.e.,  at  considerable  distance  from  an  edge  or  joint) 
and  the  third  computation  is  for  the  maximum  stress  at  a  loaded  trans¬ 
verse  edge. 


5.02  Interior  Loading  -  1st  Method: 


The  first  computation  for  maximum  stress  at  the  interior  posi¬ 
tion  is  based  on  the  formulas  of  paragraphs  20-  50  c.  Part  IV,  Chapter  XX 
of  the  Engineering  Manual,  March  1943  Edition.  The  tentative  design 
curves  given  by  Exhibit  I,  sheets  I,  2,  and  3  of  Part  IV,  Chapter  XX  of 
the  March  1943  Edition  of  the  Engineering  Manual  are  based  on  these  for¬ 
mulas.  The  original  sources  of  these  formulas  is  a  paper  by  H.  M.  Ues- 
tergaard  (15). 

5.03  Interior  Loading  -  2nd  Method: 


The  second  method  of  computing  maximum  stress  tor  loads  at  tne 
interior  portion  of  the  slabs  is  based  on  the  mathematical  analysis  for 
a  large  slab  on  an  elastic  subgrade  offering  a  reaction  per  unit  of  area 
equal  to  the  deflection  times  a  constant  "Modulus  of  Subgrade  Reaction" 
k,  the  place  of  the  load  being  far  from  any  edge.  This  analysis  is 
given  by  H.  H.  Westergaard  ( I  7) . 

5.04  Edge  Loading: 


The  third  computation  is  for  the  maximum  stress  in  a  panel  of 
concrete  pavement,  with  a  straight  edge,  loaded  near  the  edge  through 
the  footprint  of  a  tire,  supported  at  all  points  by  a  conforming  sur- 
grade  or  base,  but  with  no  support  o*  the  edge  hy  the  adjacent  oane!. 
The  analytical  formulas  for  treating  this  case  of  edge  loading  are  taken 
from  a  Progress  Report  of  Commander  H.  M.  Westergaard,  CEC-V  (S)  ,  l)  SN  R. 
(18).  On  24  June  1944  a  cony  of  this  report  was  sent  to  the  Office  of 
the  Chief  of  Engineers  by  the  Chief  of  the  Bureau  of  Yards  and  Docks  of 
the  !.avy  Department.  As  tnis  report  is  unpublished  at  present,  the  per¬ 
tinent  formulas  will  be  listed  herein  with  definition  of  t  orms  for  ref¬ 
erence:  The  formulas  for  the  maximum  stress  Produced  by  edge  loading 
are: 


a* 


12  jM  l  ?  n  /  0.8859 
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wn  e  re i n 

(J e  is  the  maximum  tensile  stress  at  the  aotto-m  of  the  slab. 

?  *  load 

n  «  tnickness  of  pavement 
Z2  *  Poisson's  ratio  for  the  concrete 

y  ■  distance  from  the  edge  to  the  center  of  gravity  of  the  load 
/  m  radius  of  relative  stiffness  defined  by  equations  2  and  44 
in  Westergaard  (I?). 


2'1 
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K  and  $  *  area  coefficients  defined  by  equations  ii  and  12  in  (17) 
for  the  oointx  «  y  »  0,  with  the  axis  of  x  along  the  edge, 
and  with  c  the  computation  of  K  and  S  is  shown  in  a  num- 
berof  cases  in  Part  IV  Chapter  XX  of  the  March  1343  edition 
of  the  Engineering  Manual. 

Bj  and  &2  *  constants  defined  by  the  following  formulas  2  and  3 

s  co 

B;  -  2  //?  j  (l- m)2  a  2  P1  J  #  <*  g  . 2 

Jo  i  /  4  0-//)  a 2  y2  -  (i -//)2a* 


B,  «  1/2 


i  ~fi)  Z(t  2  2  J  d  CL 

2  i/2  _  n  1  2  w4 


i  i  4  (i -fAaL  yL  -  (i-  /j.  ) 1  cl 


in  which 


CL  t  /3  .  and  y  are  ratios  obeying  the  relations: 


(t  2  4-  /3  2  •  y2  and  /3  Y  *  1/2 


5.0  6  Overlay  Slabs,  Reference  (19): 

The  naximum  stresses  in  the  oase  of  the  overlay  slabs  were  com- 
outed  by  the  single  slab  formulas  of  (is),  (|7),  and  (l?).  This  was 

done  by  obtaining  an  equivalent  single  slab  thickness  from  the  following 
empirical  relationship. 


in  wh  i  ch 


h  j  *Vn 


h  *  the  equivalent  single  slab  thickness 
hj  *  thickness  of  the  overlay  slab 
h2  *  thickness  of  the  base  slab 
C  *  a  coefficient  wnose  value  is  dependent  on  the  condition  of 
the  base  slab  as  fol  lows: 

C  *  1.00  if  the  base  slab  is  in  good  condition 
C*  0.75  if  base  slab  contains  initial  joint  and  corner 
cracks  due  to  loading  but  no  progressive  cracks 
C  *  3.3  6  if  base  slab  is  badly  cracked  and  crushed 


The  above  relationship  is  taken  from  (19). 


5.06  t pplication  an<J  Limitations: 

The  application  of  t  ne  above  methods  of  computing  maximum  ten¬ 
sile  stresses  in  the  oase  of  concrete  ‘iavement  slabs  are  all  subject  to 
tne  limiting  assumption  of  elasticity  for  the  concrete  slab  and  support¬ 
ing  medium.  In  addition,  the  supporting  media,  for  tne  cases  under  con¬ 
sideration,  is  either  subqrade  or  *  and  12-inch  oase  courses;  ana  tnis 
assumption,  as  used,  further  i'Olies  this  media  furnitntd  a  constant 
"modulus  of  reaction"  (reaction  per  unit  of  araa  of  deflection). 


The  physical  properties  of  the  concrete,  bases,  and  subgrade, 
required  by  the  above  methods  of  maximum  stress  computation,  arc  the 
subgrnde  or  base  modulus  of  reaction  "k",  the  modulus  of  elasticity  •£• 
of  the  concrete,  and  Poisson’s  ra.tio  * H-  "  of  the  concrete.  The  modulus 
"k"  differs  for  each  stab  and  is  given  for  each  slab  with  the  results  of 
the  stress  computation.  However,  an  overall  va^ue  of  4  x  10®  Ibs/ln.  ^ 
is  taken  for  *E"  and  similarly  a  value  of  0.50  for  */*  ".  Equations  2 
and  3  of  Reference  (18),  which  are  functions  of  ”/4  *,  are  evaluated  for 
"yu"  *0.20.  The  values  of  B  |  and  &2  obtained  for  fj.  :  0.20  are: 

B ,  ■  0.9627 
B2  ■  0. HI  45 

In  addition  to  these  physical  properties,  the  dimensional  properties,  as 
load,  size  of  tire  print,  and  thickness  of  the  pavement  are  necessary. 
The  values  used  are  essentially  those  of  the  test  conditions,  and  are  as 
shown  in  the  following  table: 

Table  5.1 


Dimensions  of  Typical  Tire  Prints 


Wheel  Load 
in  lbs. 

Tire  Print 

Length 
in  inches 

W  idth 
in  inches 

A  rea 

Sq.  inches 

20,  000 

26.26 

1  7.56 

362.17 

37,  000 

34.76 

23.38 

63*. 29 

60,000 

42.00 

26.00 

857.66 

For  the  computations  by  the  formulas  of  Reference  (15),  the  assumption 
is  made  that  the  load  is  transmitted  to  the  pavement  by  an  eoui valent 
circular  area,  while  for  those  cf  (17)  and  (18)  the  loaded  area  Is  taken 
as  an  ellipse  having  for  its  major  and  minor  axes  the  length  and  width 
of  the  tire  print.  The  actual  outline  of  the  tire  for  each  loading  is 
shown  on  Figures  2.0,  2.1,  and  2.2.  The  thickness  "h"  used  for  each 
slab  is  a  measured  thickness  at  both  the  interior  and  edge  and  is  given 
with  the  results  of  the  computations. 

The  computations  of  maximum  stress  are  finally  used  as  a  means 
of  eomouting  ’’design  fsetors”  for  the  conditions  of  test  o*  each  slab. 
This  was  accomplished  by  dividing  the  average  flexural  strength  of  the 
concrete  in  the  slab  at  the  time  of  t h*  traffic  testing  by  the  three 
computed  maximum  stresses,  thus  giving  three  ''design  factors"  for  each 
slab,  two  on  the  basis  of  interior  losding  and  one  bated  on  edgt  loading 
The  values  of  flexural  strength  used  were  based  on  the  tables  and  dis¬ 
cussion  in  paragraph  H.04. 


* 


SECTION  IV  -  WEATHER  CONDITIONS  AND  CONCRETE 
TEMPERATURES  DURING  CONSTRUCTION  AND  TRAFFIC  TESTING 


6.01  Sources  of  Temperature  and  Precipitation  Data: 


a.  Precipitation  and  Ambient  Air  Temperatures:  A  record  of 
the  daily  maximum  and  minimum  air  temperature  and  amount  of  precipita¬ 
tion  was  obtained  from  the  Lockbourne  Army  Air  Base  weather  station  lo¬ 
cated  about  a  half  mile  from  the  pavement  testing  site.  These  data  are 
presented  in  the  charts  of  Figures  3.0  and  3.1,  and  the  periods  of  con¬ 
struction  and  testing  are  designated  on  the  charts. 

b.  Temperatures  of  the  Concrete  in  the  Pavement:  Electrical 
resistance  thermometers,  called  thermohms,  were  installed  in  the  6,  8, 
and  10-inch  pavements,  which  were  laid  on  natural  subgrade  and  on  base 
course.  The  thermohms  were  installed  in  groups  of  three  in  the  interior 
of  the  slab;  one  in  the  top  of  the  slab  was  placed  5/8-inch  from  the 
pavement  surface,  one  was  placed  in  the  mid-plane,  and  the  remaining  one 
was  placed  6/8-inch  from  the  bottom  surface  of  the  slab.  The  wires 
leading  from  the  thermohms  were  carried  into  the  field  office  to  a  six- 
point  "Micromax*  recorder.  The  "Micromax"  recorded  the  resistance 
change  in  the  thermohms  due  to  temperature  changes  in  the  concrete.  The 
resistance  values  were  converted  to  temperature  in  degrees  by  means  of 
calibration  curves.  The  "Micromax"  provided  a  continual  record  of  the 
temperatures  in  two  slabs  simultaneously.  The  recording  of  pavement 
temperatures  was  started  in  November,  1943  and  extended  to  July,  1945. 

6 . 02  Temperatures  and  Precipitation  During  Construction  and  Testing: 

a.  Original  Construction:  During  the  three  month  period  of 
original  pavement  construction,  the  precipitation  was  light  and  the  tem¬ 
peratures  mild;  factors  conducive  to  good  pavement  construction.  The 
precipitation  during  the  construction  period  amounted  to  4.9  inches,  of 
which  one  inch  occurred  during  the  second  day  after  the  project  was 
started.  The  average  ambient  air  temperature  during  the  period  of  con¬ 
crete  placement  (30  September-29  October  1943)  was  53°  F;  and  all  con¬ 
crete  was  placed  in  temperatures  above  freezing. 

b.  Reconstructed  Slabs:  During  reconstruction  of  Lanes  I 
and  2,  sections  A  through  F  (5  June-6  July  1944),  the  weather  was  ideal 
tor  construction.  The  average  ambient  thmperature  was  74°  F  and  t  he  p  re- 
cipitation  negligible  (0 . 6  inches). 

c.  Temperature  and  Precipitation  During  Test  Periods:  Bet¬ 
ween  16  November  1943,  when  the  recording  of  pavement  temperatures  was 
started,  and  .2  December  1943,  when  the  track  was  covered  with  straw  and 
tarpaulins,  the  temperatures  in  the  top  of  the  pavement  frequently 
reached  freezing.  About  J  December  1943,  just  before  the  track  was 
covered,  temperatures  in  tHe  bottom  of  tbe  sUbs  went  down  to  between  30 
and  32  degrees  Fahrenheit. 


et 

es 


prec  Ip  i  tat  ion  was 
>it,ber,  when  it  ap- 


maximum  temperature 
Is  from  Apr  i  I  to  Decem- 
cte  si  abs..  No  record 
o>l  ef  the  55,  000  lb. 
'9  45. 


:e  Slabs 


Thickness 
of  Slab 
I  nc  he  s 


21 

Apr 

2 

May 

9 

May 

2  1 

May 

27 

May 

27 

May 

21 

Ju  1  ] 

23 

J  u  1  ) 

30 

J  U  1  ) 

1  3 

3ep1 

1  3 

Sepl 

13 

3e  pi 

18 

Sen  1 

25 

Sepl 

25 

Sep< 

1  8 

Oct. 

18 

Oct. 

Kov. 

3 

Dec. 

3 

Dec. 

3 

Dec, 

3 

Dec. 

4 

Dec. 

4 

Dec. 

600 
600 
600 
400 
600 
600 
'300 
40  0 
1  600 
0500 
1  600 
1600 
I  600 
0800 
0801' 
0  40  0 
0  400 
0400 
080 
080 
1  S00 
1  800 
0800 
I  800 


Temperature 

in  °F 

Top 

Midd  le 

Bottom 

81 

69 

64 

90 

80 

74 

80 

6  o 

63 

98 

82 

75 

1  03 

89 

80 

103 

91 

84 

65 

71 

75 

1  02 

89 

84 

101 

89 

83 

>32 

54 

65 

85 

76 

71 

91 

8! 

75 

92 

8  3 

79 

53 

58 

6  2 

53 

57 

61 

45 

51 

55 

44 

49 

b  3 

37 

41 

46 

23 

27 

32 

23 

26 

31 

37 

36 

33 

35 

34 

33 

24 

28 

31 

40 

37 

34 

Oiff. 
Top  and 
Bottom 


The  above  tabulation  indicates  the  following  with  respect  to 
pavement  temperature  differentials  measured  during  test  periods: 

(1)  The  greatest  seasoral  differential  in  temperature 
between  the  top  and  bottom  of  the  concrete  slabs  was  measured  in  May. 

(2)  The  daily  differential  is  greatest  about  four  P.  M. 

(3)  The  differentials  occurring  when  the  bottom  of  the 
slab  is  warmer  than  the  top  are  usually  less  than  when  the  bottom  of  the 
slab  is  cooler  than  the  top. 

(4)  The  greatest  differentials  for  the  case  where  the 
bottom  of  the  slab  is  warmer  than  the  top,  usually  occurred  between  four 
o’clock  and  eight  o’clock  in  the  morning. 

(5)  The  differential  in  the  temperature  between  the  top 
and  middle  of  a  slab  is  usually  much  greater  than  between  the  middle  and 
bottom  of  the  slab.  This  difference  is  more  oronounced  when  the  top  is 
warmer  than  the  bottom. 


SECTION  VII  -  RESULTS 

7.0!  lies i gn  Factors : 

These  factors  based  on  three  methods  of  computations,  a  nd  the 
test  cond it  ions ,  are  given  by  Tables  l-A,  for  the  20,000  lb.  wheel  load, 
II -A  for  the.  3  7, 00  0  lb.  wheel  load,  and  III- A  for  the  60.000  lb.  wheel 
load.  Also  given  with  these  factors  are  the  number  of  coverages  at 
which  failure  first  occurred  at  the  free  and  doweled  end  of  each  slab. 
Failure  in  this  instance  is  defined  as  a  crack  which  creates  a  separate 
unit  of  pavement  bounded  continuously  by  the  crack  itself  sna  the  pave¬ 
ment  jointings.  The  capital  letters,  C,  T,  and  L  following  the  number 
of  coverages  given  in  the  last  two  columns  of  these  tables  indicate  cor¬ 
ner,  transverse,  and  longitudinal  cracks  respectively.  where  no  letter 
is  given  no  cracks  were  observed  at  the  number  of  coverages  indicated  by 
the  table. 

The  computed  stresses  and  concrete  flexural  strengths  on  which 
these  design  factors  were  based  are  given  in  Tables  I,  II,  and  III. 
Also  given  ty  these  tables  are  the  measured  thickness  "h"  of  t !,  ?  con¬ 
crete,  and  the  subgrade  or  base  modulus  "k"  used  in  computing  the  maxi¬ 
mum  stress  in  each  slab  for  the  given  wheel  load.  The  three  methods  of 
computation  used  are  defined  in  paragraphs  5.02,  5.03,  5.01,  and  5.05. 
The  Drimary  purpose  of  these  design  factors  was  to  check  the  behavior  of 
the  test  slabs  against  the  present  method  of  design  as  outlined  in  Fart 
IV  Chapter  XX  of  the  March  I S 4 3  edition  of  the  Engineering  Manual. 
These  factors  are  niven  in  the  second  column  of  Tables  l-A,  I  I  -A ,  and 
I  I  ;  -  A .  Columns  3  and  4  o /  tiese  tables  give  design  factors  for  alter¬ 
nate  methods  of  computation  which  a^e  more  rigorous  mathematically,  than 
the  present  method  for  interior  stresses.  The  second  alternate  method 
which  gives  design  factors  tased  on  edge  loading  is  given,  as  it  is  more 
nearly  applicable  to  the  conditions  wnere  the  wheel  load  approaches  and 
crosses  a  transverse  expansion  joint. 

7. 02  Stationary  Wheel  Load  Deflection  Measurements; 

The  results  of  these  measurements  are  given  on  Figures  4.0  to 
4.7  inclusive.  These  figures  are  bar  charts  which  indicate  the  deflec¬ 
tions  graohicaily  for  study  and  comparison.  Key  diagrams  are  given  on 
Figures  4.0,  4.1,  4.2,  and  4.4  which  show  the  positioning  of  wheel  load 
and  gages.  The  following  table  summarizes  the  contents  of  the  figures 
showing  these  results: 
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Table  7.1 


Summary  of  Content  for  Figures  Giving  Results  of 
Stationary  Wheel  Load  Deflection  Measurements 


1 

mm 1 

Sect i ons 
Inclusive 
From  To 

Wheel  Load 
i  n 

Thousand  lbs. 

Position  of  Wheel  Load  with 
Reference  to  Traffic  Lane 

4.0 

A  -  K 

20  A  37 

Lanes  2  A  1  Interior 

4.1 

A  -  K 

20  A  37 

Lanes  2  A  I  Edge 

4.2 

6  -  L 

37  &  60 

Lanes  1  A  2  Interior 

4.3 

M  -  U 

37  A  60 

Lanes  1  A  2  Interior 

4.4 

6  -  K 

37  A  60 

Lanes  1  A  2  Edge 

4.5 

L  -  U 

37  A  60 

Lanes  1  A  2  Edge 

4.6 

A  -  F  1  H 

37 

Lane  1  Interior  A  Edge 

4.7 

A  -  F 

60 

Lane  2  Interior  A  Ed g 6 

7.03  Moving  Wheel  Load  Deflection  Measurements: 

The  deflections  of  the  concrete  pavement  under  moving  wheel 
loads  as  recorded  at  a  few  cf  the  electrical  gage  installations  are 
shown  in  Figures  4.8  to  4.11.  The  curves  shown  are  called  "influence 
lines  of  pavement  deflection"  as  they  indicate  the  deflection  at  one 
particular  point  on  the  concrete  pavement  as  the  moving  wheel  approaches, 
passes  over,  and  leaves  this  point.  These  lines  differ  from  conven¬ 
tional  influence  lines  in  that  the  deflection  is  measured  at  a  particu¬ 
lar  point  on  the  structure  (slab)  as  the  unit  load  is  in  motion  across 
the  structure;  whereas,  a  true  influence  line  shows  the  deflection  at  a 
particular  point  on  a  structure  as  a  unit  load  is  placed  at  successive 
points  across  the  structure.  in  the  latter  case,  a  condition  of  equil¬ 
ibrium  is  assumed  to  exist  as  the  unit  load  is  applied  at  each  point. 
In  the  case  of  the  moving  wheel  load,  the  shape  of  the  "influence"  line 
depends  somewhat  on  the  speed  of  the  traffic  which  is  shown  on  the  fig¬ 
ures.  In  order  to  compare  the  maximum  deflections  and  slopes  of  the 
"influence"  lines  of  similar  pavement  designs  and  joint  or  interior  con¬ 
ditions,  the  "influence"  lines  of  the  different  wheel  loads  have  been 
superimposed.  Thus  Figure  4.8  shows  the  deflections  of  8-Inch  slabs  on 
natural  subgrade  (FI. 80  and  F2.80)  subjected  to  37,000  and  20,000  pound 
wheel  loads  at  the  doweled  joint,  free  joint  and  interior.  Figure  4.11 
shows  the  deflections  in  the  interior  cf  the  two  slabs  in  the  overlay 
type  construction  subjected  to  60,000  pcund  wheel  *oad.  On  each  figure 
a  layout  of  the  gages  at  which  deflections  were  measured  Is  shown. 

7.04  Crack  Pattern  Development  and  Extent  of  Failure: 


a.  Crack  Pattern  Development:  The  development  of  cracks  end 
failure  in  the  pavement  of  the  Test  T'ack  is  presentee  in  the  plotted 
crack  patterns  of  Figures  6.0  to  6.10  inclusive  and  the  photographs  of 
Figures  7.0  to  7.3  Inclusive. 
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pavement  c< 
and  2  are 
par i son  is 
1 ane  by  se 
number  of 
The  dlagra 
d  ist  ribut  i 
the  conten 
p  rox i mate 
each  lane. 


Summa 


Sect  ion 


A 

5.0  through 
C 

5.1  0  4  E 

R 

5.2  through 

U 

5.3  F, N  4  P 

5.4  K,0i  j 

5.5  6, H  4  J 

5.6  A 

5.6  A 

5.6  B  4  C 

5.6  B  4  C 

D 

5.7  through 

F 

5.7  "  ■ 

5.8  L 

5.8  M 

A 

5.9  through 

C 

0 

5.10  through 

F 


(2)  Phot  graphs  of  r^vement  Failure:  The  photographs 

of  Figures  7.0  to  7.3  inclusive  show  the  actual  condition  of  selected 

pavement  slats.  Some  of  the  photographs  on  Figures  7.1,  7.2,  and  7.3 

show  the  complete  destruction  of  pavement  under  traffic.  Others,  such 

as  the  reinforced  slabs  of  u,  H,  and  J  in  Figure  7.2  and  the  5-inch 

slabs  on  deep  granular  fill  in  Figure  7.1  show  a  considerable  amount  of 

cracking,  yet  the  pavement  surface  remained  in  a  serviceable  condition. 

* 

b.  Rate  of  Failure  Curves:  The  rate  of  slab  failure  under 
traffic  leading  is  shown  in  the  graphs  of  Figures  6.0  to  6.2  inclusive. 
For  each  slab  these  graphs  show  the  number  of  slab  pieces  formed  by 
cracks  as  the  traffic  coverages  are  applied.  The  slabs  in  each  graph 
are  grouped  in  such  a  manner  that  the  rates  of  failure  of  slabs  of  simi¬ 
lar  design  subjected  to  20,000  and  37,000  pound  wheel  loads  or  37,000 
and  60,000  pound  wheel  loads  may  be  compared.  Each  figure  contains  a 
tabulation  which  gives  the  pertinent  features  for  each  slab  represented 
by  the  rate  of  failure  curves. 


SECTION  VIII  -  DISCUSSION.  OF  RESULTS 


8.01  Evaluation  of  Design  Methods! 

The  method  of  design  for  first  consideration  is  that  speci¬ 
fied  in  Part  IV,  Chapter  XX  of  the  March  1943  edition  of  the  Engineering 
Manual.  A  design  factor  of  1.75  is  required  in  the  design  of  airfield 
pavements  which  will  be  subjected  to  capacity  operation.  The  evaluat¬ 
ion  of  this  method  of  design  in  the  present  investigation  consists  of 
computing  design  factors  for  each  pavement  slab  on  the  basis  of  the 
physical  properties  and  wheel  loads  involved,  and  then  considering  the 
actual  performance  of  the  pavement  slabs  under  the  traffic  loading. 
This  data  is  given  in  Tables  l-A,  ll-A,  and  I  I l-A  in  columns  2,  5,  and  6. 
Column  2  gives  the  design  factor  by  the  present  method  (March  1943  issue 
of  Chapter  XX  of  the  Engineering  Manual).  Columns  5  and  5  indicate  the 
number  of  traffic  coverages  at  which  failure  first  occurred  in  each  s.ab 
at  the  undoweled  and  doweled  end.  In  Table  l-A  the  design  factors  vary 
from  1.55  to  3.85  for  the  20,000  lb.  wheel  load.  Failure  occurred  in 
the  doweled  end  and  undoweled  ends  cf  the  5-inch  slabs  where  design  fac¬ 
tors  varied  from  1.65  to  1.90  between  38  and  440  coverages.  The  lowest 
number  of  coverages  at  which  failure  occurred  at  the  doweled  ends  was 
78,  and  the  next  lowest  34S,  for  the  6-in'h  slabs  under  the  20,000  pound 
wheel  load  traffic.  There  was  no  failure  observed  at  550  coverages  in 
the  8  and  10-inch  slabs  which  have  design  factors  between  2.34  and  3.85. 
Comparing  similar  design  factors  given  in  Tables  ll-A  and  lll-A,  for  the 
37,000  and  60,000  pound  wheel  loads,  it  will  be  noted,  that  failure  oc¬ 
curred  earlier  at  both  the  doweled  and  undoweled  ends  of  the  slabs  than 
for  the  20,000  pound  wheel  loads  where  conditions  were  similar  (base  and 
subrrade).  This  would  indicate  that  the  present  method  of  design  is 
slightly  optimistic  for  20,000  oound  wheel  loads  and  more  so  for  37,000 
and  >jC,C0C  pound  wheel  loads. 

A  similar  analysis  of  the  overlay  slabs  under  the  37,000  and 
50,000  pound  wheel  loads  will  indicate  that  their  design  is  more  ade¬ 
quate  when  their  performance  is  compared  with  that  of  single  slabs 
having  similar  design  factors. 

The  design  factors  based  on  the  present  method  are  used 
through  cut  tne  discussion  as  an  index  of  overload  wnen  comparing  or 
evaluating  the  effect  of  variation  in  sub  grades  and  bases. 

lhe  design  factors  given  for  the  inteiicr  and  edge  of  the 
slats  ty  the  alternate  method  (Columns  3  and  4  Tables  l-A,  ll-A,  and 
!  I  I  -  A )  are  presented,  as  they  are  an  improvement  mathematically  cn  the 
present  method,  and  also  analyze  two  w us  it  ions  of  load,  (interior  and 
edge!  instead  of  one.  In  practically  every  case,  failure  of  tne  slats 
occurred  first  at  the  undoweled  or  free  end  jnd  second  at  the  doweled 
end;  therefore,  it  may  Le  aroued  that  the  desi’"  of  pavements  should 
t-  based  cn  a  consideration  cf  coth  interior  and  edgs  loads.  i he  decree 
of  influence  to  allow  the  stress  deter  i n e J  for  the  edge  condition  of 
loed  should  be  ccntrolted  by  the  efficiency  of  the  lead  transfer  method 
across  t  *  irints;  i.e..  f •> r  a  free  transverse  or  free  longitudinal  ex¬ 
pansion  joint,  the  tej  i  m  shot.  Id  ve  eased  entirely  on  consideration  of 
‘■one  loading. 


It  is  for  note  that  the  design  factors  given  in  Tables  i-a, 
ll-A,  and  I  I  I -A  are  based  on  the  flexural  strength  of  the  concrete  at 
the  time  of  test.  Complete  conformance  with  the  present  method  (Chap¬ 
ter  XX,  March  1943  edition  of  the  Engineering  Manual)  would  require  that 
the  28-day  flexural  strength  of  the  concrete  be  used.  However,  the  com¬ 
parison  with  the  service  behavior  of  the  slabs  is  more  informative  if 
physical  properties  of  bases,  subgrades,  and  concrete  at  the  time  of 
test  are  used  in  computing  the  design  factors.  The  difference  in  de¬ 
sign  factors  for  the  28-day  flexural  strengths  of  the  concrete  may  be 
obtained  by  using  the  estimated  28-day  strengths  given  in  paragraph  4.04 
Table  4.4.  This  will  in  no  way  alter  the  general  conclusions  drawn  in 
the  foregoing  discussion  and  summarized  below. 

The  following  conclusions  have  been  discussed  and  may  be  sum- 
ma r ized  as  f ol lows: 

N 

a.  The  tentative  design  curves  given  in  Part  IV  Chapter  XX 
of  the  Engineering  Manual,  March  1943  edition,  are  not  conservative  for 
wheel  load  traffic  of  37,000  and  60,000  pounds,  while  those  for  20,000 
pound  wheel  loads  a  re  more  nearly  correct. 

b.  The  results  of  the  tests  and  theoretical  computations 
both  indicate  that  stresses  at  the  corners  and  edges  of  a  concrete  pave¬ 
ment  slab  control  its  design. 

c.  The  tentative  design  criterion  for  reference  (19),  will 
yield  more  adequate  designs  for  37,  000  and  60,  000  pound  wheel  loads  than 
will  the  tentative  design  curves  for  single  slabs  given  in  Part  IV  Chap¬ 
ter  XX  of  the  1943  edition  of  the  Engineering  Manual. 

8.02  Evaluation  of  the  Effect  of  Variation  in  Types  of  Subgrade: 

The  types  of  subgr-ade  tested  with  and  without  base  course  in¬ 
clude  the  natural  plastic  clay  subgrade  which  had  "kr  values  at  the  time 
of  the  traffic  tests  varying  from  approximately  70  to  150  lbs/in. ^  (See 
Tables  I  to  III  inclusive)  and  the  specially  constructed  deep  granular 
subgrades  (sections  R,  S,  T,  and  l')  having  "k”  values  ranging  from  about 
200  to  400  lbs/in.3. 

This  study  of  the  effect  of  variation  in  types  of  subgrade  on 
the  service  behavior  of  concrete  pavements  is  complicated  by  the  varia¬ 
tion  in  subgrade  moduli  as  indicated  in  the  preceding  paragraph.  The 
study  is  further  limited  by  the  fact  that  only  6-inch  plain  concrete 
slabs  were  tested  on  the  deep  granular  sub  grades.  These  limitations, 
along  with  other  variable  test  conditions  such  as  variations  in  moisture 
content,  actual  pavement  thicknesses,  quality  of  concrete  and  boundary 
conditions,  should  be  considered  when  analyzing  the  traffic  test  data 
and  observations  which  are  discussed  in  the  following  paragraphs. 

The  6-inch  slab  on  natural  subgrade,  the  o-inch  slabs  on  6- 
inch  bases,  the  8-inch  sleb  on  natural  subgrade,  and  the  8-inch  slab  on 


a  6-inch  base  were  either  completely  destroyed  or  so  badly  cracked  by 
approximately  370  coverages  of  the  37,000  pound  wheel  load  that  replace¬ 
ment  was  necessary  before  traffic  could  be  continued.  The  condition  of 
these  test  slabs  is  illustrated  by  the  photographs  in  Figure  7.1,  and  by 
the  crack  patterns  shown  in  Figures  5.0,  5.1,  and  5.3.  In  contrast  to 
the  service  behavior  of  this  group  of  test  slabs,  the  6-Inch  slabs  on 
the  deep  granular  subgrades  developed  cracks  at  a  much  slower  rate;  and, 
although  badly  cracked,  remained  in  service  for  the  full  2285  coverages 
of  the  37,000  pound  wheel  load.  1  he  photographs  in  Figure  7.1  show  the 
condition  of  these  slabs  at  approximately  370  coverages  and  at  1400 
coverages.  The  crack  pattern  development  of  the  6-inch  slabs  on  the 
prepared  deep  granular  subgrade  under  the  37,000  and  60,000  pound  wheel 
load  traffic  is  shown  in  Figure  5.2.  Under  traffic  cf  the  60,000  pound 
wheel  load  in  Lane  2,  the  6-inch  slabs  on  deep  granular  subgrade  cracked 
badly  but  remained  in  service  for  the  total  712  cove  rages.  The  crack 
development  at  24,  80,  and  158  coverages  is  shown  by  the  photographs  in 
Figure  7.0.  The  absence  of  spalling  along  cracks  and  joints  in  the  6- 
inch  slabs  on  deep  granular  subgrades,  under  both  37,  000  and  60,  000 
pound  wheel  load  traffic,  is  shown  by  the  photographs  in  Figures  7.0  a.nd 
7.1. 


The  superior  service  behavic  of  the  6~inch  slabs  on  deep 
granular  subgrades  under  37,  000  and  60,000  pound  wheel  lead-  traffic  was 
predictable  from  the  relatively  small  deflections  measured  at  the  trans¬ 
verse  and  longitudinal  joints.  These  deflection  measurements  are  pre¬ 
sented  graphically  as  bar  charts  in  Figures  4.3  and  4.5. 

The  conclusions  indicated  by  the  test  results  and  preceding 
discussion  may  be  summarized  as  follows; 

a.  The  rate  of  failure  of  the  6-inch  slabs  under  the  action 
of  the  37,000  pound  wheel  load  traffic  varied  greatly,  and  was  least  for 
the  slabs  on  the  deep  granular  subgrades. 

b.  Under  the  60,000  pound  wheel  load  traffic,  the  6-inch 
slabs  on  the  deep  granular  subgrades,  although  badly  cracked,  gave  bet¬ 
ter  service  behavior  than  the  8  and  10-inch  plain  concrete  slabs  on  the 
natural  plastic  subgrade. 

c.  The  better  service  behavior  of  the  6-inch  s'.a'js  on  deep 
granular  subgrades  under  both  37,000  and  60,000  pound  wheel  load  traffic 
was  predictable  fro*  the  relatively  small  deflection*  measured  under  sta- 
t i ona r y  whet  I  I oad s . 

8.03  Evaluation  of  the  Effect  of  Variation  in  Type*  and  Thickness 

cf  Granular  Base  Courses; 


Granular  non-cohesive  base  course  materials  studied  at  Lock- 
bourne  No.  I  included:  bank  run  send  and  gravel  from  local  glacial  da  - 
posits,  sand  from  local  gravel  plant  flw«e  deposit,  and  crushed  lime¬ 
stone  from  •  local  quarry.  The  study  o*  all  thraa  base  epura*  tf fac¬ 
ials  is  limited  to  Is-  data  and  observation*  obtained  from  20,000  and 


37,000  pound  wheel  load  accelerated  traffic  tests  on  5-inch  plain  con¬ 
crete  slabs  constructed  on  a  6-inch  thickness  of  base.  The  study  of  the 
sand  and  crave!  base  material  includes  5  and  12-inch  base  thicknesses 
with  8  and  10-inch  plain  concrete  slabs  tested  under  37,000  and  ^0,000 
pound  wheel  load  traffic.  The  G-inch  plain  concrete  slabs  with  6-inch 
granular  bases  under  the  37,000  pound  wheel  load  traffic  include  slabs 
S).66L,  Cl. 668,  DI.66,  and  EI.66M,  having  design  factors  varying  from 
1.22  to  1.43.  These  slabs  were  completely  destroyed  in  less  than  3CC 
traffic  coverages,  indicating  excessive  overloading  by  the  37,000  pound 
wheel  load.  The  6-inch  slab  on  a  6-inch  crushed  stone  base  was  the  only 
slab  that  showed  the  effect  of  type  of  base  on  its  service  behavior. 
This  slab  had  a  lower  rate  of  failure  than  the  6-inch  slab  of  ccmoacted 
sand  and  gravel.  Comparison  cf  the  other  types  of  base  materials  appear 
to  have  been  vitiated  by  excessive  overloading.  (See  the  crack  pattern 
development,  Figures  5.0  and  5.1,  and  the  rate  of  failure  curves  in  Fig¬ 
ure  5.0).  Photographs  in  Figure  7.1  show  the  complete  destruction  of 
the  6-inch  slabs  on  6-inch  bases  under  the  37,000  pound  wheel  load  traf¬ 
fic.  The  photographs,  in  the  same  Figure,  illustrate  a  very  interesting 
and  significant  comparison  between  a  6-inch  slab  on  a  natural  clay  sub- 
grade  and  the  6-inch  slabs  on  6-inch  granular  bases,  which  have  teen 
subjected  to  excessive  overloading.  The  slab  shown  in  the  ohotograpb 
is  slab  Ai.60  which  is  a  6- inch  slab  constructed  on  natural  clay  suL- 
grade  having  "k"  values  varying  from  76  to  139  ibs/in.^.  Giving  due  con¬ 
sideration  to  the  variation  in  subgrade  moduli,  the  comparison  of  ser¬ 
vice  behavior  indicates  that  6  inches  of  granular  ron-cches i ve  bass 
course,  regardless  of  type,  under  plain  concrete  pavements  subjected  to 
excessive  overloading,  is  inadequate  as  it  allows  excessive  shear  de¬ 
formation  once  failure  of  tne  slab  begins.  Furthermore,  the  presence  of 
thin  granular  non-cones  ive  base  courses  on  low  bearing  subgrades  acceler¬ 
ates  shear  deformation,  once  the  slab  is  cracked  and  is  continued  to  be 
subjected  to  overload. 

Under  the  2C,000  pound  wheel  load  traffic  on  slabs  62.551, 

C  2 .663,  G2.66,  and  F2.G6.1*,  which  nad  design  factors  varying  fror  1.55  to 
1  85,  tne  relative  value  of  i he  base  courses  is  more  accurately  evaluated. 

A  total  of  55G  coverages  of  the  2C,CQ0  pound  wheel  load  traffic  produced 
no  failure  at  the  doweled  ends  of  the  G-inch  slab  on  contacted  sand  < nd 
gravel  and  the  5-inch  slab  on  5  inches  of  crushed  stone.  (See  crack 
pattern  development.  Figures  5.0  and  5.1).  The  rate  of  failure  of  the 
slab  on  loose  sand  and  r.ravel  was  less  than  that  on  compacted  sand  base. 
The  rate  of  failure  curves  for  this  group  of  slabs  is  shown  in  Figure 
6.0.  it  should  be  noted  that  the  rite  of  failure  of  the  6-inch  slab  on 
nutwr.j!  sub;rade  (slab  *2.60)  is  less  than  that  for  the  slabs  on  loese 
Sand  and  •jravel  and  on  sand  iases.  This  may  be  considered  as  additional 
evidence  for  t  i.e  argument  against  the  use  of  thin  granular  non -enhes i ve 
bates  on  clay  i /se  suu’rades  with  concrete  pavements  that  « r«  likely  to 
be  ova r I osde  d . 

In  evaluating  the  effect  of  thickness  of  grafiu  la  r  base  courses, 
t  he  degree  of  overloading  controls.  The  este  of  failure  curves  in  Fig¬ 
ure  6,1  show  that,  for  the  8-inch  sia's  on  6  and  12-mch  tases,  the  rate 


cf  failure  was  materially  reduced  for  the  slab  with  the  12-inch  base 
under  traffic  at  37,000  pound  wheel  load  where  design  factors  varied 
from  1.73  to  1.98;  while  for  these  same  designs,  there  was  no  reduc¬ 
tion  in  the  rate  of  failure  under  the  60,000  pojnd  wheel  load  traffic 
where  design  factors  were  '.25  and  1.56.  The  beneficial  effect  of  a 
thicker  base  (12  inches  versus  6  inchaa)  is  evident  from  the  crack  pat¬ 
tern  development,  Figure  5.4,  and  the  rate  of  failure  curves,  Figure  6.1, 
for  the  10-inch  slabs  under  the  37,000  pound  wheel  loading  where  design 
factors  of  2.60  and  2.74  are  indicated.  This  is  also  true  but  to  a  les¬ 
ser  degree  for  the  10-inch  slab;,  under  the  60,000  oound  wheel  load  traf¬ 
fic  where  design  factors,  are  2.02  and  1.66.  An  increase  in  base  thick¬ 
ness  from  6  to  12-inches  on  the  prepared  deep  granular  subgrades  re¬ 
duces  the  rate  of  failure  of  6-inch  slabs  under  both  the  37,000  and 
60,000  pound  wheel  loadings,  where  design  factors  are  2.18,  2.10,  1.54, 
and  1.56  respectively. 

The  following  conclusions  arc  presented  as  a  summary  of  the 
preceding  discussion: 

a.  Crushed  limestone  and  bank-run  sand  and  gravel  base  mater¬ 
ials  compacted  to  a  6-inch  thickness  effected  a  reduction  in  the  rate  of 
failure  in  6-inch  plain  concrete  pavements,  whereas,  for  the  same  degree 
of  overload,  a  6-inch  compacted  sand  base  and  a  6-inch  loose  sand  and 
gravel  base  yielded  no  benefit. 

b.  The  12-inch  thickness  of  compacted  bank-run  sand  and 
qravel,  as  compared  with  a  6-inch  thickness,  effected  lower  rates  of 
failure  for  the  6,  8,  and  I  0- i  nc  h  slabs  when  the  design  factor  was 
greater  than  1.66.  when  this  factor  was  le^s  than  1.56  (60,000  pound 
wheel  loading  on  6  and  8-inch  slabs)  tht  greater  thickness  of  base 
course  showed  no  benefit. 

c.  where  overload  is  anticipated  the  inclusion  of  a  granular 
non-cohes  ive  base  course  is  not  desirable. 

8.04  Evaluation  of  the  Effect  of  Joint  Type  and  Spacing: 


The  types  of  joints  studied  by  this  investigation  and  their 
spacing  are' defined  in  paragraph  2.01. 

The  condition  of  the  joints,  as  affected  by  moisture  and  tem¬ 
perature  condition*  prior  to  and  during  the  tire  of  testing,  is  very 
pertinent  in  considering  the  results  of  the  pre-traffic  deflection  neas- 
urerents  and  the  subsequent  behavior  of  the  joints  under  traffic  loadin'1. 
The  test  slabs  were  constructed  and  the  joints  were  sealed  in  October 
1943  during  a  period  of  unusually  dry  weather.  s  h  i  I  e  the  weather  was 
still  dry,  the  finished  paverent  was  covered  with  straw  and  tarpaulins 
to  protect  the  concrete  and  foundation  sgainst  freeiing  temperatures. 
This  cover  refrained  on  the  pavement  until  *  he  middle  of  bercb  IC44.  1 1 
whicn  time  preparations  were  cot*enc$d  for  conducting  the  tests.  All 
joint  seals  were  in  good  condition  at  thf  start  of  testing,  mo  they  re- 


niained  in  good  condition  until  pavement  failures  occurred  under  traffic 
loading.  The  major  portion  of  the  testing  was  conducted  under  favorable 
weather  conditions,  with  air  temperatures  considerable  higher  than  at 
the  time  of  construction.  Furthermore,  during  the  period  of  heaviest 
p rec I o i tat  I  on,  prior  to  testing,  (see  weaiher  charts,  Figures  3.0  and 
3.1)  the  teat  pavements  were  subjected  to  no  loading  that  would  cause 
joint  action  and  vitiate  the  Joint  seal.  These  contributing  factors, 
along  with  the  fact  that  adequate  surface  and  subsurface  drainage  was 
provided,  make  it  reasonable  to  assume  that  there  was  little  accumula¬ 
tion  of  moisture  in  the  subgrade,  due  to  leaky  joints,  until  after  the 
pavements  had  been  subjected  to  considerable  traffic  loading.  A  limited 
number  of  moisture  determinations  of  the  subgrade,  taken  during  instal¬ 
lation  of  the  electrical  deflection  gage  assemblies,  showed  no  increase 
in  moisture  content  at  the  joints. 

Information  on  the  behavior  of  joints  was  obtained  from  the 
stationary  wheel  load  deflection  measurements  and  from  a  limited  number 
of  moving  wheel  load  deflection  measurements.  For  ready  comparison,  the 
stationary  wheel  load  deflection  measurements  are  presented  graphically 
is  bar  charts  in  Figures  4.0  to  4. 7  inclusive.  Typical  moving  wheel 
load  deflection  measurements  are  shown  in  Figures  4.8  to  4.10  inclusive. 
These  data  ere  supplemented  by  observations  of  the  crack  pattern  de¬ 
velopment  made  during  the  traffic  tests  and  presented  graphically  in 
Figures  5. 0  to  5.10  inclusive.  For  the  purpose  of  discussion,  the 
joints  are  grouped  according  to  their  principal  intended  purpose,  such 
as  "expar.e  ion*,  and  "extraction". 

Expansion  Joints:  The  expansion  joint  was  used  principally  as 
a  transverse  doweled  or  undoweled  joint  between  the  transition  slabs  and 
the  various  test  slabs  as  shown  in  the  plan  of  the  Test  Track,  Figure 
j.-.  Ti.e  joint  was  used  longitudinally  in  only  one  case  which  was  as  a 
free  5  nt  between  Lanes  I  and  2  in  the  reconstructed  slabs  of  the  north 
tang^  (fee  Figure  >.5).  Examination  of  the  deflection  charts  in  Fig¬ 
ures  4.0  through  4.7  shows  that,  in  almost  every  case,  the  undoweled 
transvcise  expansion  joint  permits  the  largest  deflections  and  has  the 
poorest  efficiency.  Joint  efficiency,  as  used  in  this  report,  is  the 
ability  of  the  joint  to  t-ansfer  deflection  when  the  load  is  entirely  on 
one  side  during  its  i  n  i  1 1  •'  1  approach,  and  is  expressed  by  a  percentage 
which  is  twice  the  deflection  on  the  opposite  or  unloaded  edge  divided 
by  the  sum  of  the  deflection  of  both  edges  times  | 00.  Efficiencies  of 
undoweled  expansion  joints  ranged  from  |4  to  86  percent  for  the  37,000 
pound  wheel  load  and  from  4  to  58  percent  for  the  60,000  pound  wheel 
load.  The  free  expansion  joint  was  the  weakest  part  of  the  pavement  and 
in  several  designs,  where  overloading  was  excessive,  failures  occurred 
at  this  point  under  the  initial  loading  for  measuring  deflection  and  be¬ 
fore  traffic  was  started.  With  very  few  exceptions,  this  joint  was  the 
starting  point  for  progressive  failure  of  the  test  slab.  This  is  ap- 
parert  from  the  crack  development  shown  in  Figures  5.0  to  5.10  inclusive. 
The  two  free  joints  showing  the  highest  efficiencies  (57  and  58  percent) 
were  the  lapped  joints  in  the  overlay  slabs  02.7-66  and  E2.7-66H  where 


the  joints  in  the  top  slabs  were  lapped  16  inches  over  their  counter¬ 
parts  in  the  base  slabs.  The  deflections  produced  at  these  joints  under 
the  60,  000  pound  wheel  load  are  comparable  to  those  produced  at  the 
doweled  joints  (see  Figure  4.7).  The  doweled  transverse  expansion 
joints  permitted  less  deflection  than  the  free  joints,  and  had  better 
efficiencies.  The  efficiencies  for  these  joints  varied  from  82  to  100 
percent  for  the  37,000  pound  wheel  load,  and  from  51  to  99  percent  for 
the  60,000  pound  wheel  load.  The  two  expansion  joints  employing  heavier 
dowels  at  closer  spacing  (1-1/2"  $  smooth  bars,  16"  long,  8"  O.C.)  gave 
superior  performance  under  both  stationary  and  moving  wheel  loads.  The 
stationary  wheel  load  deflection  measurements,  shown  in  Figure  4.6  were 
smaller  for  the  heavy  dowels,  and  the  indicated  efficiencies  varied  from 
90  to  98  percent.  The  better  performance  under  moving  wheel  loads  was 
indicated  by  the  crack  patterns  in  Figure  5.7.  The  two  transverse  ex¬ 
pansion  joints,  with  the  experimental  offset  dowels  in  slabs  HI.8R-0  and 
JI.8R-0,  indicated  better  efficiency  when  compared  witi.  the  performance 
of  the  common  dowels  in  the  other  8-inch  slabs  under  the  20,000,  37,000 
and  60,000  pound  wheel  loadings. 

The  stationary  wheel  load  deflection  measurements  for  the 
slabs  in  sections  R,  S,  T,  and  U  (see  Figures  4.3  and  4.5)  showed  that 
the  deflections  at  transverse  undoweled  and  doweled  expansion  joints 
were  smallest  for  the  pavements  on  high  bearing  subgrades.  The  deflec¬ 
tion  charts  also  indicated  that  6  inches  of  base  course  was  ineffective 
in  reducing  the  magnitude  of  the  deflections  at  expansion  joints  in  8 
and  10-inch  slabs,  whereas  12  inches  of  base  course  reduced  the  magni¬ 
tude  of  the  deflections. 

Contraction  Joints:  Joints  of  this  type  used  in  the  Test 
Track  •  nc  1  uded  t he  d ummy  ribbon  joint  and  the  keyed  and  doweled  construc¬ 
tion  joints.  The  test  results  indicated  in  general,  that  the  contrac¬ 
tion  joints  were  superior  to  expansion  joints  in  their  performance  under 
stationary  arid  moving  wheel  loads.  The  pre-traffic  deflection  measure¬ 
ments,  presented  graphically  in  Figures  4.0,  4.2,  4.3,  and  4.7,  show  the 
magnitude  of  the  deflections  at  dummy  ribbon  contraction  joints  for 
20,000  and  60,000  pound  stationary  wheel  loads.  These  charts  show  that 
the  magn i tude  of def  lect i on  at  dummy  joints  was  about  equal  to  or  slight¬ 
ly  less  than  those  measured  at  the  doweled  expansion  joints.  The  effi¬ 
ciencies  of  the  dummy  joints  were  consistently  better  than  for  the 
doweled  expansion  joints.  Under  the  20,000  pound  stationary  wheel  load 
(Figure  4.0),  efficiencies  at  seven  dummy  joints  vary  from  90  to  100 
percent  with  an  average  of  96  percent.  Measurements  taken  after  traffic 
at  three  joints  where  failure  had  not  occurred,  showed  efficiencies 
varying  from  86  to  98  percent  with  an  average  of  91  percent,  indicating 
the  expected  reduction  in  efficiency  with  traffic  Under  the  60,000 
pound  stationary  wheel  load  (Figures  4.2,  4.3,  and  4.7)  efficiencies 
from  deflection  measurements  at  seventeen  dummy  contraction  joints, 
varied  from  80  to  98  percent  with  an  average  of  91  percent.  It  should 
be  remembered  that  these  Joint  efficiencies  were  determined  from  de¬ 
flections  measured  at  joints  that  have  not  been  subjected  to  traffic 


1 o  ?  ling  and  at  a  time  when  the  joints  were  tightly  closed  by  temoer- 
ature  effects.  The  behavior  of  the  dummy  contraction  joints  under 
traffic  loading  is  shown  by  the  crack  aattern  development  plots  in  Fig¬ 
ures  6.0  to  5.10  inclusive.  The  crack  patterns  show  that  initial  fail¬ 
ures  usually  occurred  in  the  vicinity  of  the  expansion  joists  before 
they  developed  along  the  transverse  and  longitudinal  dummy  joints.  How¬ 
ever,  the  corner  and  edges  formed  by  the  dummy  joints  definitely  in¬ 
fluenced  the  oosltion  of  initial  failure.  Very  frequently,  initial 
failure  occurred  at  the  corners  formed  by  the  intersection  of  an  exoan- 
sion  joint  and  the  longitudinal  dummy  joint.  The  smaller  slab  units, 
formed  by  the  transverse  and  longitudinal  dummy  joints,  were  less  stable 
under  the  action  of  all  traffic  loadings  than  the  larger  slabs.  This 
was  observed  to  be  the  case  regardless  of  whether  the  slab  was  bounded 
by  free  or  doweled  transverse  expansion  joints.  Also,  in  a  few  in¬ 
stances  where  moving  wheel  load  deflections  were  measured,  the  deflec¬ 
tions  of  the  smaller  transition  slabs  were  greater,  and  a  tendency  to 
tilt  was  observed  under  the  37,  000  and  60,000  pound  v/heel  loadings. 

The  performance  of  the  longitudinal  keyed  construction  joint 
under  stationary  wheel  loading  is  limited  to  the  37,000  pound  wheel  load. 
Deflections  measured  at  the  keyed  joint  under  this  wheel  load  were  smal¬ 
ler  than  at  a  doweled  transverse  expansion  joint,  and  the  efficiencies 
were  comparable  except  that  they  were  somewhat  more  variable  (67  to  100 
percent!.  Evaluation  of  the  behavior  of  the  keyed  construction  joint 
under  traffic  loading  was  penalized  by  the  pattern  of  traffic  which 
first  routed  37,000  pound  wheel  load  traffic  on  the  Lane  I  edge,  fol¬ 
lowed  by  60,000  pound  wheel  load  traffic  on  the  opposite  edge.  The  con¬ 
centration  of  37,  000  pound  wheel  load  traffic  in  Lane  1  broke  the  too  of 
the  groove  portion  of  the  join*.  This  was  indicated  by  the  crack  pat¬ 
terns  in  Figures  5.0  to  5.10  inclusive.  in  like  manner,  t‘iv.  50,000 
oound  wheel  load  traffic  in  Lane  2  broke  the  bottom  of  the  groove  Por¬ 
tion  of  the  joint.  This  was  observed  when  certain  slabs  in  t?,ne  2  were 
removed  for  reolacement. 

The  longitudinal  doweled  butt-type  construction  joint  in  sec¬ 
tions  6,  H,  and  J  indicated  more  uniform  deflection  and  better  effe- 
ciencies  than  the  longitudinal  keyed  construction  joint  in  slabs  of 
equal  thickness  (Slabs  FI. 80,  NI.86,  and  Pi. 812).  Performance  of  the 
doweled  construction  joint  under  traffic  loading  was  superior  to  the 
keyed  construction  and  dummy  contraction  joints.  Crack  patterns  in 
Figure  5.  5  show  no  cracks  that  can  be  directly  attributed  to  failure  of 
the  dowel ed  construction  joint. 

I.hile  the  test  results  and  preceding  discussion  nave  presented 
several  interesting  indications  of  the  functioning  of  joints  of  differ¬ 
ent  designs,  it  is  believed  that  they  should  be  treated  as  such  and 
their  •  u  b  s  t  a  n  t  i  a  t  i  o  n  or  disprove!  should  await  the  developments  of 
future  tests  or  observations  on  actual  airfield  pavements.  Nov'ever,  the 
following  conclusions  and  indications  are  presented  in  sjmmary: 
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(1)  Load  transfer  devices  of  one  type  or  another  with 
transverse  expansion  joints,  are  necessary  to  the  structural  integrity 
of  rigid  pavement  designs. 

(2)  The  tests  indicated  that  slab  units,  as  small  as  10' 
x  10'  x  10"  thick  or  less  and  on  plastic  subgrade  even  though  tightly 
jointed,  are  undesirable  for  rigid  pavements  when  the  wheel  load  is 
37,000  pounds  or  greater. 

(3)  It  was  indicated  that  construction  joints  should  be 
doweled  instead  of  keyed  for  wheel  loads  of  37,  000  pounds  and  greater, 
when  traffic  wheel  loading  can  be  concentrated  along  the  joint. 

8.05  Evaluation  of  the  Effect  of  Steel  Reinforcement  in  Concrete 
Pav ement  Slabs: 


The  study  of  steel  reinforcement  as  used  in  concrete  pavement 
slabs,  is  limited  to  the  data  and  observations  obtained  from  37,000  and 
60,000  pound  wheel  load  traffic  tests  made  on  three  8>inch,  wire  mesh 
reinforced,  original  slabs  placed  on  natural  plastic  subgrade  and  six  8 
and  10-  Inch  slabs  heavily  reinforced  with  wire  mesh  cr  bar  mat  aid 
placed  on  6  inches  of  compacted  sand  and  gravel  base  course  on  approxi¬ 
mately  24  inches  of  remolded  subgrade,  and  to  any  of  the  unreinforced 
slabs  with  which  these  might  be  compared.  The  tatter  reinforced  group 
of  slabs  form  a  portion  of  the  reconst  r  uct  I  on  necessitated  af  ter*app  rox  i  - 
mately  370  coverages  of  the  37,000  pound  wheel  load  traffic.  The  nine 
designs  with  pertinent  details  of  their  reinforcing  are  listed  in  Table 
2.3  paragraph  2.02  e.  The  10-inch  plain  concrete  slab  AI.S06  was  in¬ 
cluded  in  the  listing,  since  it  was  one  of  the  group  of  replacement 
slabs  and  was  comparable  to  the  10-inch  reinforced  slabs. 

Results  of  traffic  loading  tests  on  the  reinforced  slabs  and 
any  inferencss  or  conclusions  drawn  therefrom  are  subject  to  the  vari¬ 
ables  and  limitations  of  transition  and  jointing  which  was  not  compar¬ 
able  in  all  cases  to  the  plain  concrete  slabs.  These  variables  and  1  im¬ 
itations  of  jointing  will  be  reviewed  before  proceding  with  the  discus¬ 
sion.  Referring  to  Figure  l.i,  it  is  observed  that  there  are  no  transi¬ 
tion  slabs  between  the  siabs  in  sections  6,  H,  and  J,  and  that  the 
transition  slab  between  sections  J  and  K  is  only  5  feet  wide  instead  of 
the  usual  10  feet  where  transition  slabs  were  present.  As  to  the  joint¬ 
ing,  slabs  in  sections  G,  H,  and  J  were  separated  transversely  by  expan¬ 
sion  joints  and  longitudinally  by  doweled  construction  joints.  Trans¬ 
verse  expansion  joints  at  each  end  of  slabs  Jl,  and  J2.8R-0  had  a  spe¬ 
cial  offset  dowel  (see  detail  of  joint  in  Figure  1.3).  Expansion  joints 
betweer  the  slabs  in  sections  G  and  H  were  doweled  with  the  conventional 
l-incn  round  dowels,  16  inenes  long,  on  12-inch  centers.  The  expansion 
joint  at  the  west  end  of  section  G  was  undoweled.  Furthermore,  slabs  in 
section  J  have  no  dummy  contraction  joints,  and  those  in  sections  G  and 
H  have  only  longitudinal  dummy  contraction  joints,  with  the  exception  of 
slab  III.8R-0  which  had  botn  longitudinal  and  transverse  dummy  joints. 
Replacement  siabs  of  the  reconstructed  section  had  certain  features  of 


41 


jointing  and  transition  which  were  not  comparable  to  the  plain  and  re¬ 
inforced  slabs  of  the  original  construction.  These  slabs  (see  Figure 
1.5)  were  separated  from  adjoining  transition  slabs  by  transverse  ex¬ 
pansion  joints  which  were  undoweltd  at  one  end  and  doweled  at  the  other 
end.  The  doweled  joints  had  the  conventional  1-inch  round  dowels,  16 
Inches  long,  on  12-inch  centers,  with  the  exception  of  two  joints  join¬ 
ing  slabs  EI.8R-6  and  F1.8R-6  to  their  common  transition,  which  had  1.5 
inch  round  dowels,  IS  inches  long,  on  8-inch  centers.  The  undoweled  or 
free  joints  had  prefabricated  bituminous  joint  filler,  whereas  similar 
joints  in  the  original  construction  employed  redwood  filler.  The  slabs 
we"*e  separated  from  the  overlays  in  Lane  2  by  a  longitudinal  undoweled 
expansion  joint  which  had  redwood  filler  tor  the  10-inch  slabs  and  pre¬ 
fabricated  bituminous  filler  for  the  8-inch  slabs.  The  longitudinal 
joint  for  slab  N1.8R-6  was  the  original  keyed  construction  joint.  All 
reinforced  slabs  and  the  one  10-inch  plain  concrete  slab  A 1 . 1 0  6  of  this 
group  were  constructed  without  dummy  contraction  joints.  Furthermore, 
the  10-foot  transition  slabs  oetwecn  slabs  B1.10R-6,  CI.10R-6,  D1.8R-6, 
EI.8R-6,  and  F1.8R-6  were  heavily  reinforced  with  bar  mats  top  and  bot¬ 
tom.  The  transition  slab  between  slab:  A1.I06  and  B1.10R-6  had  bar  mat 
reinforcing  too  and  bottom,  in  the  east  half  adjacent  to  B1.10R-6.  No 
attempt  will  be  made  to  evaluate  the  effect  of  these  variables  of  transi¬ 
tion  and  jointing;  but  they  should  be  considered  in  determining  the  val¬ 
idity  of  the  test  results  and  in  qualifying  the  indications  and  conclu¬ 
sions  presented  in  the  paragraphs  that  follow.  The  presence  of  the  ramp 
at  slab  Al.  1  :s  perhaps  contributed  in  a  slight  degree,  to  the  disinte¬ 
gration  of  this  slab,  and  may  also  be  considered  a  factor  particularly 
since  the  joint  between  slab  and  ramp  was  an  undivided  joint. 

The  crack  pattern  development  plots,  shown  in  Figures  5.3  and 
5.5,  indicate  that  after  390  coverages  of  the  37,000  pound  wheel  load 
traffic,  the  8-inch  reinforced  slabs  on  natural  subgrade,  having  design 
factors  varying  from  1.35  to  1.30  showed  only  slight  distress,  whereas 
the  8-inch  plain  concrete  slab  on  natural  subgrade  (slab  FI. 90)  was  com¬ 
pletely  destroyed.  Similar  stabs  on  compacted  sand  and  gravel  bases,  S 
and  12  inches  in  tnickness,  were  either  badly  cracked  (slab  HI.  86)  or 
failed  at  the  undoweled  transverse  expansion  joint  (slab  PI. 812).  This 
comparison  indicated  that  steel  reinforcing  in  concrete  pavement  delayed 
the  early  development  of  structural  failures  providing  the  degree  of 
overload  was  not  excessive.  When  overloading  was  excessive,  as  it  was 
for  the  60,  000  pound  wheel  loadinv  •'n  8-inch  pavements  (see  design  fac¬ 
tors  in  Table  Ml),  the  reinforcing  wes  less  effective  in  retarding  ear¬ 
ly  breakup.  This  was  determined  by  inspection  of  the  crack  patterns  in 
Figure  5.5,  which  showed  that,  at  only  42  coverages  of  the  60,000  pound 
wheel  load  traffic,  test  slabs  G2.8R-0,  H2.8R-0,  and  J2.8R-0  had  as  many 
or  more  failures  than  slabs  6I.8R-0,  H1.3R-0,  and  JI.8R-0  had  at  500 
coverages  of  the  37,  000  pound  wheel  load  traffic.  An  early  initial 
failure  under  the  60,000  pound  wheel  load  traffic  was  indicated  by  the 
relative  magnitude  of  the  stationary  wheel  load  deflections  shown  in 
Figure*  4.2  a^d  4.4,  which  were  taken  prior  to  traffic.  The  rapid  rate 
of  failure  of  the  reinforced  slabs  under  60,000  pound  wheel  load  traffic 
as  compared  to  the  37,000  pound  wheel  loading,  is  shown  by  the  rate  of 


failure  curve#  in  Figure  6.1.  Three  stages  in  the  crack  pattern  develop¬ 
ment  under  60,000  pound  wheel  load  traffic  are  exhibited  by  the  photo¬ 
graphs  in  Figure  7.2.  The  third  stage  includes  photographs  of  two  8- 
inch  plain  concrete  slabs  (slabs  N2.86  and  P  2 .  8 1 2)  ,  and  provides  a  strik¬ 
ing  comparison  of  the  service  behavior  of  plain  and  reinforced  pavements 
under  equivalent  traffic  loading.  This  comparison  serves  to  demonstrate 
the  beneficial  effect  of  light  reinforcing  in  holding  the  broken  con¬ 
crete  of  an  overloaded  pavement  slab  together,  and  thus  prolonging  its 
serviceability.  Data  in  Figure  6.1  indicate  that  the  weight  of  reinforc¬ 
ing  was  effective  in  reducing  the  rate  of  failure  of  the  8-inch  concrete 
slabs  when  design  factors  were  not  less  than  1.68  (37,000  pound  wheel 
load),  and  was  only  slightly  effective  when  design  factors  did  not  ex¬ 
ceed  1.41  (60,000  pound  wheel  load). 

The  heavily  reinforced  8  and  10-inch  reconstructed  slabs  in 
Lane  I  of  the  Test  Track  (see  Table  4*3  paragraph  2.02  e.)  were  sub¬ 
jected  to  approximately  1920  coverages  of  the  37,000  Pound  wheel  load 
traffic  during  the  periods  19  July  to  6  September,  and  29  November  to  9 
December  1944.  This  loading  produced  corner  failures  in  the  8  and  10- 
inch  pavements  reinforced  with  68  pound  wire  mesh  in  the  top  and  bottom 
(slabs  DI.8R-6  and  BI.I0R--6)  and  in  the  8-inch  slab  reinforced  with  |/2 
inch  bar  mat,  8-inch  centers,  top  and  bottom  (slab  FI.8R-6).  The  8  and 
10-inch  slabs  reinforced  with  (56  pound  wire  mesh  in  the  top  and  bottom 
(slabs  EI.8R-6  and  CI.IOR-6)  and  the  8-inch  slab  reinforced  with  1  / 2 
inch  bar  mat,  6-inch  centers,  top  only  (slab  NI.8R-6)  showed  only  slight 
hair  cracking  after  about  1900  coverages  of  the  37,000  pound  wheel  load 
traffic.  Approximately  ten  months  ater,  during  the  period  |7  September 
to  18  October  1945,  the  same  group  of  slabs,  with  exception  of  slrb 
NI.8R-6,  received  an  additional  1084  coverages  of  55,000  pound  wheel 
load  traffic.  This  additional  traffic  loading  produced  failures  in  the 
8  and  10-inch  slabs  reinforced  with  156  pound  wire  mesh  and  caused  addi¬ 
tional  distress  in  the  other  8  and  10-inch  slabs  of  this  group.  An  ex¬ 
amination  of  the  data  in  Figure  6.2  will  show  that  rate  of  failure  of 
the  8-inch  slab  with  68  pound  wire  mesh  top  and  bottom  (slab  DI.SR-6) 
increased  appreciably  under  the  55, 000  pound  wheel  load  traffic,  where*# 
the  plots  for  the  other  8  and  10-inch  slabs  of  this  group  show  only  a 
slight  increase.  It  should  also  be  noted  that  the  1 0 -  inch  plain  c.  -- 
crete  slab  A 1 .  106,  which  is  comparable  to  the  1 0 -  inch  reinforced  slab*, 
showed  a  decided  increase  in  rate  of  failure  under  the  55,000  pound 
wheel  load  traffic.  The  photographs  in  Figure  7.3  show  the  extent  of 
failure  in  the  test  slabs  after  approximately  760  coverages  of  the 
37,000  pound  wheel  load  and  also  the  final  condition  of  the  pavement 
following  all  37,000  an^  55,000  pound  wheel  load  traffic.  Comparison  of 
the  service  behavior  of  the  1 0  --  inch  plain  concrete  slab  A  | .  1 0  6  with  the 
8  and  1 0 -  Inch  reinforced  slabs,  shown  by  the  photographs  in  Figure  7.3 
emphasizes  the  advantage  of  steel  reinforcing  in  prolonging  the  service¬ 
ability  of  overloaded  concrete  pavements.  Examination  of  the  37,000 
pound  stationary  wheel  load  deflection  measurements,  shown  by  the  charts 
in  Figure  4.8,  indicates  that  reinforcing  is  effective  in  reducing  the 
magnitude  of  the  deflections  at  points  of  overload,  such  a*  the  edge  at 


an  undoweled  expansion  joint,  and  corners  formed  by  the  intersection  of 
undoweled  longitudinal  and  transverse  expansion  Joints. 

To  summarize  the  preceding  discussion,  the  following  conclu¬ 
sions  are  presented: 

a.  Performance  of  concrete  pavement,  designed  with  reinforc¬ 
ing  steel,  is  improved  and  serviceability  is  prolonged  under  traffic 
loading,  particularly  when  pavement  is  overloaded. 

b.  Benefits  derived  from  the  inclusion  of  reinforcing  steel 
in  overloaded  concrete  pavements  increase  with  the  amount  of  steel  pre¬ 
sent. 


c.  Under  excessive  overload,  the  effect  of  different  amounts 
of  reinforcing  steel  is  lost.  The  steel  also  loses  some  of  its  power  to 
prolong  pavement  life. 

d.  Assuming  that  subgrade  conditions  were  equal  for  both  re¬ 
inforced  and  unreinforced  pavement  stabs,  results  of  the  stationary 
wheel  load  deflection  measurements  indicate  that  reinforcing  was  effect¬ 
ive  in  reducing  the  magnitude  of  the  pavement  deflections  at  points  of 
overload  such  as  free  edges  and  corners.  (See  Figure  4.6) 

8.06  Evaluation  of  the  Behavior  of  Concrete  Overlay  Slabs  on  Un¬ 
broken  and  Broken  Base  Slabs: 


The  pertinent  design  features  of  the  overlay  slabs  tested  un¬ 
der  37,000  and  60,000  pound  wheel  toad  traffic  are  summarized  in  Table 
2.4  of  paragraph  2.02  f. 

The  transition  and  jointing  details  of  the  overlay  designs  are 
shown  in  Figures  1.1  and  1.5;  and  it  should  be  noted  that  these  details 
are  not  comparable  in  every  case.  The  5  and  7-inch  top  overlay  slabs 
on  unbroken  base  oavements  in  sections  L  and  M  (see  Figure  1.1)  were 
bounded  by  undoweled  transverse  expansion  joints,  a  longitudinal  keyed 
construction  joint  and  free  edges  with  one  10- foot  transition  stab 
between  section  L  and  the  east  turn.  The  7-inch  too  slabs  on  the  pre- 
loaded  base  slabs  (slabs  A2.7-60  through  F2.7-80,  Figure  1.5)  were 
bounded  by  doweled  and  undoweled  transverse  expansion  joints,  a  free 
longitudinal  expansion  joint,  and  free  edges  with  10-foot  transition 
slabs  adjacent  to  the  ends  of  each  test  slab.  The  u  idoweled  transverse 
expansion  joints  between  slabs  02.7-66,  E2.7-66H,  and  their  common 
transition  slcb  were  offset  1.5  feev  from  the  joint  in  the  base  pavement. 
The  transition  slab  at  each  end  of  the  series  of  overlays  was  con¬ 
structed  as  a  ramp  to  carry  the  loading  equipment  from  the  adjoining 
pavement  onto  the  overlays.  All  ten  overlay  designs  had  both  transverse 
and  longitudinal  dummy  ribbon  joints.  The  variation  in  jointing  and 
boundary  conditions  limits  the  comparisons  of  overlay  slabs  to  those 
test  slabs  having  simitar  jointing  and  boundary  conditions.  These  limit¬ 
ations  are  Important  in  analyzing  and  discussing  the  test  results  which 
include  stationary  wheel  load  deflection  measurements,  crack  pattern  de¬ 
velopment,  and  rate  of  failure. 
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The  stationary  wheel  load  deflection  measurements  taken  prior 
to  traffic  loading  are  presented  as  bar  charts  in  Figures  4.2,  <4.3,  and 
4.5  for  the  slabs  in  sections  L  and  M,  and  in  Figure  4.7  for  top  overlay 
slabs  on  3/4-inch  sand-asphalt  cushion,  and  6-inch  unbroken  base  pave¬ 
ments  under  the  37,000  and  60,000  pound  stationary  wheel  loadings  are 
shown  in  Figures  4.2,  4.3,  and  4.5*  Examination  of  these  deflection 
measurements  show  that  the  increase  in  magnitude  of  deflection  is  ap¬ 
proximately  proportional  to  the  increase  in  wheel  loading.  Comparison 
of  interior  deflections  for  overlays  and  single  slab  designs  indicates 
that  the  deflections  of  the  5-inch  overlays  (section  L)  and  deflections 
of  the  8-inch  plain  and  reinforced  slabs  on  natural  subgrade  and  base 
(see  Figures  4.0,  4.2,  and  4.3)  are  approximately  of  the  same  order  of 
magnitude.  Likewise,  Figures  4.2  and  4.3  show  that  the  magnitude  of  de¬ 
flections  of  the  7-inch  overlays  (section  M)  compares  with  that  for  the 
10-inch  plain  concrete  slabs  on  natural  subgrade  and  base.  The  above 
comparison  for  the  5-inch  top  overlay  slabs  holds  for  the  7-inch  top 
overlay  slabs  on  broken  base  slabs  with  a  3/4-inch  minimum  sand-asphalt 
cushion  (slabs  A2.  7-60,  82.  7-66L,  and  C2.7-66S,  see  Figure  4.7).  The 
interior  deflections  of  the  7-inch  top  slabs  placed  directly  on  the  base 
slabs  (slabs  02.  7-66,  E*.7-66M,  and  F2. 7-80)  are  comparable  with  the  |0- 
inch  plain  concrete  slabs  on  natural  subgrade  ard  base.  The  above  com¬ 
parisons  are  inconsistent  for  edge  and  corner  load  positions  where 
boundary  conditions  have  more  effect.  The  magnitude  of  the  deflections 
of  the  top  slabs  on  sand-asphalt  cushion  is  greater  than  that  of  the  top 
slabs  placed  directly  on  the  base  slab  (see  Figure  4.7).  Electrical  de¬ 
flection  measurements  taken  simultaneously  in  the  top  and  bottom  slabs 
of  the  overlay  designs  F2.7-8Q  and  M2. 7-60  showed  that  the  deflections 
of  the  top  slabs  and  base  slaos  were  very  nearly  equal  isee  Figure  4.11). 
This  was  true  for  both  designs  with  no  r  ■-»  5  h :  c  r.  course  and  with  3/4  in¬ 
ches  of  sand-asphalt.  The  influence  curves  of  deflection  in  Figure  4.11 
indicate  that  the  overlay  with  no  cushion  course  recovered  more  rapidly 
than  the  slab  on  3/4  inches  of  sand-asphalt  cushion. 

The  crack  pattern  development  of  the  overlay  designs  under 
traffic  loading  is  presented  in  Figure  5.8  for  sections  L  and  M,  Figure 
5.9  for  slabs  *2*7-60,  B2.7-66L,  and  C2.7-66S,  and  in  Figure  5.  !0  for 
slabs  D2. 7-66,  E2.7-66M,  and  F2. 7-80.  These  crack  patterns,  which  were 
reproduced  from  the  original  field  plots,  werb  carefully  selected  to 
show  the  development  of  failure,  and  fo'  the  overlays  of  sections  l  and 
M  (Figure  5.8),  to  show  the  comparable  service  behavior  cf  the  slabs  un¬ 
der  37,000  and  60,000  pound  wheel  load  traffic.  The  rate  of  failure 
curves,  which  were  prepared  from  the  crack  pattern  records,  are  shown  in 
Figure  6.2.  The  comparative  service  behavior  of  the  overlay  designs  un¬ 
der  37,000  and  60,000  pound  wheel  load  traffic  is  evident  from  sn  anal¬ 
ysis  of  these  test  results.  However,  there  are  certain  significant 
characteristics  and  additional  observations  not  indicated  by  the  results 
that  are  worthy  of  mention.  The  rrack  development  in  the  overlays  was 
similar  to  that  for  single  slab  dssiqn  in  that  failures  occurred  first 
as  corner  breaks  and  longitudinal  cracks  at  the  undoweled  transverse  ex¬ 
pansion  joints,  and  then  in  a  similar  manner  at  the  dummy  contraction 
joints.  As  the  stresses  are  relieved  at  these  joints,  maximum  stresses 
shift  to  other  parts  of  the  slab  causing  progressive  failure. 
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It  is  interesting  to  observe  that  under  both  37,000  and  50,000 
pound  wheel  load  traffic  the  7-inch  top  slabs  on  unbroken  base  slabs 
(M.7-60  and  M2. 7-60)  showed  very  little  progressive  failure  and 
little  cracking  along  dummy  contraction  joints.  The  better  service  be¬ 
havior  of  these  two  test  slabs  may  be  due  to  any  one  or  a  combination  of 
influencing  factors  such  as  actual  thickness  and  quality  of  concrete, 
and  the  better  condition  of  the  sand-asphalt  cushion  course.  The  crack 
pattern  development  and  rate  of  failure  curves,  together  with  observa¬ 
tions  made  during  the  testing,  indicated  that  with  the  exception  of  two 
7-inch  top  slabs  in  section  M,  the  sand-asphalt  cushion  course  penal¬ 
ized  the  structural  behavior  of  the  overlay  designs.  This  was  due  to 
insufficient  curing  of  the  sand-asphalt  cushion  material  prior  to  plac¬ 
ing  the  over!  ay  concrete.  During  the  traffic  tests,  asphalt  from  the 
cushion  course  was  observed  pumping  through  the  contraction  joints  and 
cracks,  and  later  when  the  broken  concrete  was  removed,  the  sand-asphalt 
cushion  material  was  found  to  be  of  soft  consistency.  This  set  of  cir¬ 
cumstances  should  not  preclude  the  use  of  a  cushion  or  leveling  course 
but  it  does  warrant  the  conclusion  that  the  bituminous  cushion  material 
should  be  thoroughly  cured  before  placing  the  overlay  concrete.  The 
broken  overlay  slab  L2.5-60  and  the  3/4- inch  sand-asphalt  cushion  course 
were  removed  following  the  60,000  pojnd  wheel  load  traffic.  Examination 
of  the  base  slab,  which  was  unbroken  prior  to  placement  of  the  top  slab 
revealed  a  crack  pattern  which  coincided  with  that  for  the  top  slab.  In 
the  case  of  top  slabs  on  broken  base  slabs,  the  crack  pattern  develop¬ 
ment  in  the  too  slab  was  defined  initially  by  the  original  pattern  of 
cracks  in  the  base  slab.  This  indicated  that  the  position  of  maximum 
stress  in  the  top  stab  was  influenced  by  tho  cracks  or  planes  of  weak¬ 
ness  in  the  base  slab.  However,  this  was  not  the  case  for  an  18-inch 
I  -p  of  a  top  slab  over  an  undoweled  transverse  expansion  joint.  This 
condition  was  present  for  the  transition  overlay  between  stabs  D2.7-66 
and  E2.7-66M  (see  Figure  1.5).  The  crack  pattern  development  for  these 
slabs,  shown  in  Figure  5.10,  indicated  no  detrimental  effects  due  to  the 
18-Inch  overlap  of  the  fiee  expansion  joints. 

Test  results  and  the  preceding  discussion  indicate  certain 
conclusions  which  are  summarized  as  follows: 

(1)  khefe  no  initial  cracks  are  present  in  the  base  slab 
of  an  overlay,  the  crack  patterns  produced  by  traffic  overloading  are 
essentially  the  same  for  the  top  and  bottom  slabs. 

(2)  i.hen  overiays  on  broken  base  slabs  arc  overloaded, 
the  original  crack  pattern  of  the  base  slab  influences  the  pattern  de¬ 
veloped  in  the  too  slabs. 

(3)  '..here  s  and-  aso  ha  I  t  leveling  or  cush'on  course*  are 
uaed,  every  precaution  should  be  taken  to  insure  complete  curing  of  the 
material  before  placing  the  overley  concrete. 

( '»)  For  the  two  cases  tested,  no  detrimental  effect  w«$ 
produced  by  a  I  ao  of  18  inches  of  a  top  slab  over  a  free  joint  in  the 
base  pavement. 


(5)  When  both  overlay  and  single  slab  designs  are  over¬ 
loaded,  the  service  behavior  of  the  overlay  slabs  is  better  under  the 
action  of  37,000  and  60,000  pound  wheel  load  traffic  even  though  the 
design  factor  based  on  present  design  methods  is  the  same  or  somewhat 
better  for  the  single  slabs. 


SECTION  IX  •  CONCLUSIONS 


9.01  Evaluation  of  Design  Methods: 


a.  The  tentative  design  curves  given  in  Part  IV  Chapter  XX 
of  the  Engineering  Manual,  March  1 9 H3  edition,  are  not  conservative  for 
wheel  load  traffic  of  37,  000  and  60,  000  pounds,  while  those  for  20,  000 
pound  wheel  loads  are  more  nearly  correct. 

b.  The  results  of  tests  and  theoretical  comoutations  both 
indicate  that  stresses  at  the  corners  and  edges  of  a  concrete  pavement 
slab  control  its  design. 

c.  The  tentative  design  criterion  for  "Portland  Cement  Over¬ 
lay  Pavements",  issued  June  1915,  by  the  Office  of  Chief  of  Engineers, 
will  yield  more  adequate  designs  for  37,  000  and  60,  000  pound  wheel  loads 
than  will  the  tentative  design  curves  for  single  slabs  given  in  Part  IV, 
Chapter  XX  of  the  March  1943  edition  of  the  Engineering  Manual. 

9.02  Evaluation  of  the  Effect  of  Variation  in  Types  of  Subgrade; 

a.  Rate  of  failure  o*  6-inch  slab*  under  the  action  of  the 
37,000  pound  wheel  load  traffic  varied  somewhat.  Stabs  on  the  deep 
granular  subgrades  were  found  to  be  the  most  resistant  to  the  action  of 
the  37,  000  pound  wheel  load. 

t.  Under  the  60,  000  pound  wheel  load  traffic,  the  6-  inch 
slabs  on  the  deep  granular  subg^ades,  although  badly  cracked,  remained 
serviceable  longer  than  the  9  anc  10-inch  plain  concrete  slabs  on  the 
natural  plastic  subgrade. 

c.  The  better  service  behavior  of  the  6-inch  slabs  on  deep 
granular  subgrades,  under  both  37,000  and  60,000  pound  wheel  load  traf¬ 
fic  was  predictable  from  the  relatively  small  deflections  measured  under 
stationary  wheel  loads. 

9.03  Evaluation  of  the  Effect  o  f  V  a  ri  j  t^  ion  In  Ty  oe  * _ a  nd  Thicknes  s 

of  Granul ar _ Base  Course : 

a.  Crushed  I  imastone  and  oank-run  sand  and  gravel  bate  mater¬ 
ials  compacted  to  a  6-inch  thickness  effected  •  reduction  in  the  rate  of 
failure  in  6-inch  plain  concrete  pavements  where  the  design  factor  waa 
greeter  than  or  equal  to  1.65}  whereas,  for  the  same  degree  of  overload, 
a  6-Inch  compacted  sand  base  and  a  6- inch  loose  sand  and  gravel  best 
yielded  no  benefit. 


b.  The  12-inch  thickness  of  compacted  bank-run  sand  and 
gravel,  as  compared  with  a  6-inch  thickness,  effected  lower  rates  of 
failure  for  the  8  and  10-inch  stabs  when  the  design  factor  was  greater 
than  1.66.  When  this  factor  was  less  than  1.66  (60^000  pound  wheel  load¬ 
ing  on  6  and  8-inch  slabs)  the  greater  thickness  of  base  course  showed 
no  benefits. 


c.  Where  overload  is  anticipated  the  inclusion  of  a  granular 
non-cohesive  vase  course  is  not  desirable. 

9. OH  Evaluation  of  the  Effect  of  Joint  Type  and  Spacing: 

a.  Load  transfer  devices  of  one  type  or  another,  in  trans¬ 
verse  expansion  joints,  ars  necessary  to  the  o^ructural  integrity  of 
rigid  pavement  designs. 

b.  The  tests  indicated  that  slab  units,  as  small  as  10’  x 
10’,  and  up  to  10"  in  thickness  or  less,  even  'though  tightly  jointed, 
are  undesirable  for  rigid  pavements  when  the  wheel  load  is  37,000  pounds 
or  greater. 


c.  It  is  indicated  that  construction  joints  should  be  dowel¬ 
ed  instead  of  keyed  for  wheel  toads  of  37,  000  pounds  and  greater,  when 
traffic  wneel  loading  can  be  concentrated  along  the  joint. 

9.0  5  Evaluation  of  the  Effect  of  Steel  Reinforcement  in  Concrete 
Pavement  Slabs: 


a.  Steei  reinforcement  in  concrete  pavements  prolongs  their 
serviceable  life  under  traffic  loading,  esoecially  when  oavements  become 
overloaded. 


b.  The  benefit,  resulting  from  the  inclusion  of  reinforce¬ 
ment  in  overloaded  concrete  pavements  increase  with  the  amount  of  steel 
P  resent. 


c.  Mhen  overload  becomes  excessive  the  effect  of  different 
amounts  of  re  I  nforceae.it  is  lost,  and  the  steei  also  loses  some  of  its 
power  to  prolong  pavement  life. 

d.  Assuming  that  subgrade  conditions  were  equal  for  both  re¬ 
inforced  and  unreinforced  pavement  slabs,  results  of  the  stationary 
wheel  load  deflection  measurements  indicated  that  reinforcing  was  effect¬ 
ive  in  reducing  the  magnitude  of  the  pavement  deflections  %t  points  of 
overload  such  as  frte  edgn  and  corners.  (See  Figure 

9.05  Evaluation  of  the  Behavior  of  Concrete  Overlay  Slabs  on  Un¬ 
broken  ane  Broken  Base  Slabs: 


a.  Vnere  no  initial  cracks  were  cresent  in  the  base  slab  or 
an  overlay,  the  crack  patterns  produced  by  traffic  overloading  were  es¬ 
sentially  the  same  for  the  top  and  bottom  slabs. 
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b.  When  top  slabs  on  broken  base  slabs  are  overloaded,  the 
original  crack  oattern  of  the  base  slab  influences  the  pattern  developed 
in  the  too  slabs. 

c.  Where  sand-asohalt  leveling  or  cushion  courses  are  used, 
every  precaution  should  be  teken  to  insure  complete  curing  of  the  mater¬ 
ial  before  placing  the  concrete  top  slab. 

d.  For  the  two  cases  tested,  no  detrimental  effect  was  pro¬ 
duced  by  a  lap  of  18  inches  of  a  top  slab  over  a  free  joint  in  the  base 
p  a  vemen  t. 


e.  When  both  overlay  and  single  slab  designs  we  re  ove  rl  oa  d  ed, 
the  service  behavior  of  the  overlay  slabs  at  Lockbourne  was  better  under 
the  action  of  37,000  and  50,000  pound  wheel  load  traffic. 


SECTION  X  -  SECOMMEN  Da  ilONS 


10.01  The  following  recommendations  are  made  as  a  result  of  the 
findings  of  this  i  nve  s  t  i  q  at  i  cn: 

a.  Thai  for  wheel  loads  of  37,000  pounds  and  greater,  the 
method  of  design  of  rigid  pavements  as  given  in  Chanter  XX  of  the  March 
1943  edition  of  the  Engineering  Manual  be  revised  to  give  more  conserva¬ 
tive  designs  for  pavements  to  be  built  on  olastic  clay  subgrades. 

b.  That  load  transfer  devices  be  used  in  the  design  oftrans- 
verse  expansion  joints. 

c.  That  pavement  units  as  small  as  10  x  10  feet  and  up  to 
10"  in  thickness  or  less,  should  not  be  used  in  the  design  of  rigid  pa ve- 
ments  on  plastic  clay  subgrades  for  wheel  loads  of  37,000  pounds  and 
greater. 


d.  That  steel  reinforcement  be  included  in  the  design  of 
rigid  pavements  which  are  likely  to  be  overloaded. 

e.  That  the  tentative  Design  Criteria  for  "Portland  Cement 
Overlay  Pavements"  issued  June  I9va  by  the  Office  of  the  Chief  of  Engin¬ 
eers  be  con*  «d  as  producing  adequate  designs  pending  further  study 
of  tnis  p  ro b I  em. 
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Table  I 


Results  of  Maximum  Stress  Computations 
20,000  Pound  hheel  Load 


Slab 

Number 

Thickness  of 
Concrete  in 

1  nches 

"k" 
i  n 

lbs.  /in.3 

ffn 

Avg.  Flex. 

Strength 
of  Concrete 
lbs./ in. 

Present 

Method 

Alternate 

Methods 

Interior 

Edge 

Inter ior 

Edge 

m 

A2.60 

5.76 

5.69 

1  08 

389 

596 

898 

740 

62.66L 

5.50 

5.50 

l!0 

411 

637 

938 

-  740 

C2.66S 

5.50 

5.50 

72 

448 

651 

1020 

740 

02 . 66 

5.60 

5.60 

72 

448 

651 

994 

740 

E2.66M 

5.75 

5.75 

108 

389 

596 

8  85 

740 

8  Inch 

Slabs 

F2.80 

7.50 

8.00 

79 

287 

3  86 

579 

740 

G2.8R-0 

7.50 

7.87 

76 

289 

388 

597 

740 

H2.8R-0 

7.12 

7.91 

69 

316 

428 

602 

740 

J2.8R-0 

7.98 

7.98 

!  00 

253 

339 

558 

740 

10  Inch 

Slabs 

K  2 . 100 

9.25 

9.75 

150 

192 

254 

3  87 

740 

Table  It 


Results  of  Maximum  Stress  Computations 
37,000  Pound  Wheel  Load 


Table  II  (Continued) 


Results  of  Max  leu*  Stress  Computations 
37,000  Pound  Wheel  Load 


Thickness  of 
Slab  Concrete  in 

Number  Inches 

Interior 


1.1012  9.02 


LI. 5-60 
Ml .7-60 


•k" 

In 

tbs. /in.' 


Maxinue  stress  in  I  Avg.  Flex. 

Strength 

Present  jAlternata  Methods  lof  Concrete 
Method  I  Interior  I  Edge  I  lbs./ in. ^ 


10  Inch  Slabs  (Con't 


87 

2  95 

Overlay 

Slabs 

92 

394 

91 

33C 

A 1 . 1 06  9.81 
81 . t  OR- 6  10.06 
CI.I0P.-6  10.00 


jj  Inch  Reconstructed  Slabs 
9 . 8i  261  231  33< 
10.06  207  235  33' 
tO. 00  195  240  341 


Oi  .88-6 
El. 8A-S 
FI .88-6 
H  t -  88-6 


8.18 

8.00 

8.37 

7.94 


8  inch  Reconstructed  Slabs 

477 


i57 

322 

182 

320 

150 

315 

88 

380 

Table  M-A 


Oes  Ign  Coirpa r  isons 
37,000  Pound  Wheel  Load 


Slab 

Nunber 

Design  Factor 

Coverages  at 

First  Failure _ 

Present 

Method 

i  Alternate 

Methods 

Undoweled 

End 

0 owe  led 

End 

nxsm 

Edge 

i 

6  Inch  Slabs 

A  1 .  SO 

. 

1 .58 

0.96 

0.63 

13  L 

13  L 

Bf  .66L 

1 .43 

0.92 

0.58 

14.5  L 

14.5  L 

Cl  .663 

1  .27 

0.85 

0.53 

15  L 

56  L 

01.66 

1.22 

0.82 

0.52 

10  L 

15  L 

£  1  .66H 

1  .43 

0.94 

0.59 

16  L 

67  L 

HI  .612 

2.18 

1  .27 

0.81 

105  C 

262  C 

SI  .t- 

2.10 

1 .24 

0.7C 

65  l 

105  L 

Tl  .50 

1  .91 

1 .1 1 

0.70 

186  L 

161  L 

Ul  .60 

1 .71 

1  .08 

o 

• 

o> 

•si 

46  C 

130  L 

8  Incl 

Slabs 

FI  .30 

1  .81 

1.29 

0.78 

1  1 1  l 

III  L 

H 1 .86 

1.73 

1.20 

0.87 

;  17  c 

141  C 

PI .8!? 

1  .98 

1  ,42 

0.84 

106  T 

418  T 

ul ,C»-C 

1  .80 

1 .24 

0.87 

H23  T 

300  C 

HI  ,8R»0 

1.68 

1 .1 1 

0.82 

« 

as  m 

397  T 

Jl ,8R-0 

1  .93 

1 .36 

0.89 

m  m 

497  l 

10  Inch  $  labs 

II .100 

2.60 

2.10 

1 .22 

722  T 

412  T 

1 

01  .106 

1 

O  f 

'ft  j 

Cw  j 

1 .92 

1 .15 

HIP  T 

2288 

m 


..  _S?» Mrs 


Table  1 1  -A  (Continued) 


Dos  Iqn  Comparisons 
37,  000  Pound  Wheel  Load 


Slab 

Number 


Ql.  1012 


Present 

Method 


2.74 


Design  Factor 

_ ilifiiMia  JteJUmii _ 

_ Interior  Edae 

10  Inch  S  labs  (Con' t] 


Coverages  at 
First  Failure 
Undoweled  I  Doweled 


497  T 


2284 


LI .5-60 
MJ .7-60 


I  .98 
2.36 


Overlay  Slabs 
1.36  0.86 

1.67  0.32 


272  T 
423  C 


10  Inch  Reconstructed  Slabs 

AI.I06  3.12  2.17  1.40  128  C 

BI.I0R-6  3.08  2.17  1.38  291  C 

C I  -  I  OR- 6  3.02  2.13  1.35  1915 

8  Inch  Reconstructed  Slabs 


D 1  .  8R-6 

2.25 

1.52 

0.98 

213  C 

E 1 . 8R- 6 

2.26 

1.50 

0.98 

421  C 

FI.8R-6 

2.30 

1 .56 

1  .00 

248  T 

N  | . 8R-6 

1  .90 

1.32 

0.83 

774  T 

658  C 
521  C 
1915 

253  C 
1915 
658  C 
1915 


C  s  corne  r  brea  k 
T  —  transverse  break 
L  =  lone  itud  ina  1  brea  k 


Table  I  I ) 

Results  of  Maximum  Stress  Computations 
60,  000  Pound  Wheel  Lead 


Th  ickness  of 
Concrete  in 
Inches 

"k" 

i  n 

lbs.  /  in.® 

Maximum  stress 
1 bs. / i n. ^ 

i  n 

Avg.  F  1  f; x • 

S  t  rengt  h 
of  Concrete 
lbs./in.^ 

Present 
Me  t  h  od 

A  1  te  mate 

Methods 

1 nte  r i or 

MCTfl 

Interior 

Edge 

6  Inch  S 

labs 

R2.6I2 

B.  84 

5.50 

415 

491 

944 

1  505 

735 

S2.66 

5.88 

5.50 

393 

481 

947 

1525 

735 

T2.60 

5.85 

5  .50 

371 

495 

966 

1542 

73  5 

U2.60 

5.00 

5  . 87 

207 

706 

1357 

1  588 

735 

8  Inch  S 

labs 

G2.8R-0 

7.50 

7.87 

76 

603 

916 

1307 

735 

K2.8R-0 

7.  12 

7.87 

69 

661 

1007 

1323 

735 

J2  .  8R-C 

7.98 

7.  98 

1  00 

522 

798 

1215 

735 

K2.86 

8.25 

8.00 

98 

502 

603 

1215 

735 

P2  .812 

7.50 

7.37 

84 

3  90 

902 

1406 

735 

10  Inch  : 

j  1  a  bs 

K2. 100 

S .  2  5 

9.75 

1  50 

392 

598 

842 

735 

02.106 

9.55 

S  .55 

95 

365 

610 

949 

735 

52.1012 

9.25 

9.25 

87 

442 

650 

1012 

735 

Original  Ove 

rl  a  y  Sic 

bs 

L2.5-60 

8. 

24 

92 

51  1 

7  60 

1  156 

735 

K 1  .7-60 

10 

.16 

9  1 

388 

553 

865 

735 

65 


Table  III  (Cont  inued) 

Results  of  Maximum  Stress  Computations 
60,  000  Round  Wheel  Load 


Slab 

Thickness  of 
Concrete  in 

•k* 
i  n 

lbs. /in. 3 

Max  i 

1 

num  stress 
as./  i  n.  ^ 

i  n 

Avg.  Flex. 
Strength 

K  umbe r 

1  nches 

Present 

A  l  te  mate 

Met  liods 

of  Concrete 

Interior  ’  Edge 

Met  hod 

Interior 

Edge 

lbs./in.^ 

Rec 

onst  ructed 

Overlay 

Slabs 

A2.7-60 

8.01  * 

108 

5  i  0 

772 

1160 

740 

B2. 7-661 

7.52  * 

1  10 

549 

843 

1254 

740 

C2.7-66S 

7.52  * 

72 

609 

909 

1379 

740 

)2  ..7-66 

8.47  * 

72 

520 

759 

1  170 

740 

E2.7-66M 

8.47  * 

103 

475 

710 

1076 

740 

F2.7-80 

1 0. 19  * 

79 

3  97 

563 

885 

740 

_ , 

*  Calculated  thickness 


Slab 

Design  Factors 

Coverages  at 

F  i  rst  Failure 

Number 

Present 

Alternate 

Methods 

U ndowe  led 

D owe  led 

Met  hod 

Interior 

Edqe 

End 

End 

6 

Inch  Slat 

R2.6I2 

1.49 

0.74 

0.49 

1  .5  C-L 

1  .5  C 

S2.66 

1.52 

0.78 

0.48 

1.5  C-L 

1.5  C-L 

T2 .60 

1  .48 

0.76 

0.47 

1.5  C 

42  C-L 

U2.60 

1  .04 

0.54 

0.46 

1  .5  L 

1  .5  L 

8 

Inch  Slab 

G2 . 8R-0 

1  .22 

0.80 

0.56 

1.5  T 

32  T 

K2.8R-0 

1  .  1  1 

0.73 

0.55 

-- 

42  T 

J2.8R-0 

1  .41 

0.92 

0.60 

-- 

138  C 

N2.86 

1  .46 

1.22 

0.60 

1.5  C 

16  C 

P2.8I2 

1  .25 

0.81 

0.52 

1  .5  T 

3  T 

10 

Inch  Slab 

K2.I00 

1.88 

1  .23 

0.  87 

138  T 

6  T 

02.106 

2  .01 

1.20 

0.78 

72  C 

72  T 

02.1012 

1  .66 

1.13 

0.73 

42  C 

72  C 

Ov 

e  r  1  ay  Slab 

s 

L2.5-60 

1  .43 

1 

0.97 

0.64 

32  C 

■  -- 

Ml  .7-60 


I  .94 


I  .33 


0.85 
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FIGURE  1.0 
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FIGURE  1. 1 


FIGURE  1.2 


i 

i 


FISURE  1.3 
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FIGURE  1.4 
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FIGURE  1.5 


FINAL  REPORT  LOCKBOURNE  HOl.  ! 


EQUIPMENT  USED  FOR  20,000  POUND  WHEEL  LOAD  TRAFFIC 


SUPER  C  TOURNAPULL  WITH  MODEL  LP  SCRAPER  LOADED  WITH  I  TON  CONCRETE  BLOCKS 

SPEED  OF  TRAFFIC  FROM  1  TO  10  MILES  PER  HOUR 


Mi 


1  Y 


rear  rr 

4|__f  | 


0  9  K)  19  to 

INCHES 

TYPICAL  TIRE  PRINT 
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FINAL  REPORT  LOCKBOURNE  NO  I 

EQUIPMENT  USED  FOR  37,000  POUND  WHEEL  LOAD  TRAFFIC 


A-3  TOURNAFULL  WITH  MODEL  NU  SCRAPER  LOADED  WITH  I  TON  CONCRETE  BLOCKS 

SPEED  OF  TRAFFIC  FROM  4  TO  3  tO.ES  PER  HOUR 


40r 

35  - 

30 

IS  23 
x 
o 

2  20- 
13  - 
10- 
3- 

0- 

! - 1 - 1 _ 1 J _ 1 .  ..  -I 

O  3  10  13  20  23  30 
INCITES 

TYPICAL  TIRE  PRINT 
INFLATION  PRESSURE  47  lss.  per  souare  inch 
AREA  638  SQUARE  INCHES 


b 

.  1 
1- 


SPACING  OF  WHEELS 


DIAGRAMS  OF  TRAFFIC  DISTRIBUTION 

THE  4  TRIPS  INDICATED  ON  EACH  DIAGRAM 
ARE  ASSUMED  TO  MAKE  2  COVERAGES 
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FIGURE  2.1 
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FINAL  REPORT  LOCKBOURNE  NO.  I 

EQUIPMENT  USED  FOR  60,000  POUND  WHEEL  LOAD  TRAFFIC 


A-3  TOURNAPULl  WITH  MODEL  NU  SCRAPER  LOADED  WITH  I  TON  CONCRETE  BLOCKS 

SPEED  OF  TRAFFIC  FROM  3.0  TO  3.3  MILES  PER  HOUR 


45 


i - 1 - 1 - 1 - 1 — _l _ i 

0  5  10  IS  20  25  30 

INCHES 

TYPICAL  TIRE  PRINT 
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4. 4 

DIAGRAM  OF  TRAFFIC  DISTRIBUTION 

THE  4  TRIPS  INDICATED  ON  THE  DIAGRAM 
ARE  ASSUMED  TO  MAKE  2  COVERAGES 

FIGURE  2.2 
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FINAL  REPORT  LOCK  BOURNE  NO.  I 

ARRANGEMENT  OF  EQUIPMENT  FOR  MEASUREMENT  OF  PAVEMENT 
DEFLECTIONS  UNDER  STATIONARY  WHEEL  LOADS 


(C)  ARRANGEMENT  FOR  DEFLECTION 
MEASUREMENT  AT  A  JOINT. 


(D)  MEASUREMENT  OF  DEFLECTION 
FOR  STATIONARY  WHEEL  LOAD. 


LOCKBOURNE  NO.  I  TEST  TRACK 


Details  Of  Installation  Of  Metal  Casing  And  Refinance  Hub 
For  Woooman  Electrical  Deflection  Gages 


FINAL  REPORT  LOCKBOURNE  NQ  I 

EXTENT  OF  DAILY  AIR  TEMPERATURE  VARIATION  AND  PRECIPITATION 
DURING  PERIODS  OF  PAVEMENT  CONSTRUCTION  AND  TRAFFIC  TESTS 
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FIGURE  3.1 


FINAL  REPORT  LOCABOURNE  NO.  1 
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FIGURE  4.1 
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FIGURE  4.3 
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FINAL  REPORT  LCCKOOURNc  NO.  I 


FIGURE  4.4 
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FINAL  REPORT  LOCK  BOURNE  NO.  I 

CHART  SHOWING  PAVEMENT  DEFLECTIONS  LBCCR  37,000  LB.  AND  60,000  LB  STATIONARY  WHECL  LOADS  FOR  EDGE  LOAD  POSITION 


POUND  WHEEL  LOAD 


NOTES  I  So*  Fiflirs  4.4  ter  d'ogram  of  wturcl  and  dsftochon  gags  location  ter  ths  37,000  pound  whoot  lood  In  lono  I. 

2.  Tho  longitudinal  con«tn>ctlon  Joint  balwssn  ton**  I  ond  2  n  a  trso  joint 

3.  Note*  1,2,  ond  4  of  Flggro  4.4  apply  »o  this  shoal 


PAVEMENT  DEFLECTIONS 
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NOTES  I  Sm  +A  tor  diogrom  of  *Mll  o*d  detection  goo*  locorto*i  for  It*  60,000  poo"d  «H«ol 

2  Tt*  torigi*wgifNOl  co^rtrwctton  joint  botwom  lc"*»  I  o*d  2  0  fro#  joint. 
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FIGURE  4.9 
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FI6URE  4.(0 


layout  of  06 flection  gages  sand  AND  GRAVEL  BASE  COURSE 

SLAB  Q2.IOI2 _ _ _ , 
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FINAL  REPORT  l  orKROURNL  NO  I 

CRACK  PATTERN  DEVELOPMENT 

6- INCH  PLAIN  CONCRETE  SLABS 
20.000  ANIi  37.000  POUND  WHEEL  LOAD  TRAFFIC 
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r=r=s  0m*w4  *■*'  (»*•.  »•••»» | 

■  *•*•«  Com»riKl>«  Wl  (W«hIh) 


_  zTo  *o.o  ^  jo  o 


•  Mu*  {**< 


I'tewirW  M  M  0*««l 
.  Cn<mk>t 


TRAFFIC  OISTAIOUTIOH 
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FINAL  REPORT  LOCKBOURNt  NO  I 

CRACK  PATTERN  DEVELOPMENT 

6- INC**  .'LAIN  r.ONr.REil  M  A8S 
20,000  AND  V.000  POUND  WHfEL  LOAD  TRAFno 


MINT  IEOEN& 
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TRAFFIC  OISTIVtUTION 
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FIGURE  8. 1 
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WORE  5.* 


FINAL  REPORT  LOCKBOURW  NO  I 

CRACK  PATTERN  DEVELOPMENT 

8*  INCH  PLAIN  CONCRETE'  SLABS 
37,000  AND  60000  POUND  WHEEL  LOAD  TRAFFIC 

40*tT  LgOCrtB 

-  Nw  (t'#,  it*  tot.  t;*M«  ewtfttt) 

-  N*T*4  C*M(n>rtiOT  Mil  |MmM] 
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FINAL  REPORT  Lf'CKBOURNf  ‘40  I 

CRACK  PATTERN  DEVELOPMENT 

10- INCH  PLAIN  CONCRETE  <U.ABS 
37.000  AND  60.000  POUND  WHFI  L  LOAD  TRAFFIC 

I toy*  C*M”vcrt«>  JHnt  (UMe-.'H) 
thmmj  «iHm 

1*01  MM 

Of*ut  (Wije-I  !VM  f  I  5) 
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FINAL  REPORT  LOCKBOURNE  NO. I 

CRACK  PATTERN  DEVELOPMENT 

8- INCH  REINFORCED  CONCRETE  SLABS  ON  REPLACED  SUBGRADE  IN  LANE  I 
37,000  AND  55,000  POUND  WHEEL  LOAD  TRAFFIC 
rtlMT  i&m B 

—  Da*iNd  Expansion  mm  long,  l2*on  oonton) 

- Nrtwo 4  (Am)  mm 


8*  Coflow - -I 
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Natural  Subgrod*  -f 
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M  »V*.  I6"  Long,  0" a 


TRAFFIC  DISTRIBUTION 

Mufftbonon  diagram* 
nfor  to  tripti  In  *ocA 
root  4  tnp*  on  o**um*d 
to  bo  2  cowrog**. 
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FIGURE  0.7 
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FINAL  REPORT  LOCKBOURNE  NO.  I 


FIGURE  6.1 
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TRAFFIC  avCRMH 


FINAL  REPORT  LOCKBOURNE  NO.  I 

GRAPHS  SHOWING  RATE  OF  SLAB  FAILURE  UNDER  TRAFFIC  LOADING 


FIGURE  6.2 
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6'  CONCRETE  ON  6"  COMPACTEO  SANO  AND  GRAVEL  ON  66"  SOIL  STABILIZED  SAND  ANO  GRAVEL 

SLAB  S  2.66 


6*  CONCRETE  ON  72’  COMPACTED  SANO  ANO  GRAVEL 

SLAB  T2.60 


6*  CONCRETE  ON  72"  COMRACTEO  SANO 

SLAB  U2.60 


FIGURE  7.0 


FIGURE  7.5 


FINAL  REPORT  LOCKBOURNE  NO.  I 


FIGURE  7.2 
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FINAL  REPORT  LOCKBOURNE  NO.  I 


SERVICE  BEHAVIOR  OF  8  AND  10  INCH  PLAIN  AND  REINFORCED  CONCRETE 

SLABS  ON  PREPARED  SUBGRADE 

37,000  AND  55,000  POUND  WHEEL  LOAD  TRAFFIC 


SLAB  AI.I06 

10*  PLAIN  CONCRETE 


SLAB  BI.IOR-6 

lO'REMFORCED  CONCRETE 
68  LB.  WIRE  MESH.  TOPS  BOTTOM 


SLAB  CI.IOR-6 

lO'REMFORCED  CONCRETE 
i98 LB  WIRE  MESH.  TOPS  BOTTOM 


7S8  COVERAGES- 37, 000  LB  W.L.  TRAFFIC 


763  COVERAGES- 37,000  LB  WL.  TRAFFIC 


763  COVERAGES- 37. OOOLB.  WL  TRAFFIC 


198  COVERAGES-  3';000 LB  WL  TRAFFIC 
284  COVERAGES- 59,000  LB  W.L  TRAFFIC 


1920  COVERAGES- 37,000 L0  WL  TRAFFIC 
1084  COVERAGES- 35pOO  LB  WL  TRAFFIC 


1923  COVERAGES- 37IOOO  LB  WL.  TRAFFIC 
1084  C0VERAGES-55.000  LB  WL  TRAFFIC 


SLAB  DI.8R-6 

{f  REINFORCED  CONCRETE 
68  LB  WIRE  MESH,  TOP  B  BOTTOM 


SLAB  EL8R-6 

STREINrORCED  CONCRETE 
156  LB  WIRE  MESH,  TOPS  BOTTOM 


SLAB  FI.8R-6 
8*REMF0RCE0  CONCRETE 
1/2*  DEF  BARS  8*0lC.  BOTH  WAYS  TOP  B  BOT. 


FIGURE  7.3 


